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Simimary 
Analysis of the v i b r a t i o n a l spectrum of d i - t - b u t y l b e r y l l i u m i n 
conj u n c t i o n w i t h the i n f r a r e d spectrum of the f u l l y deuterated 
d e r i v a t i v e and of d i - t - b u t y l z i n c suggests t h a t the molecules are 
monomeric w i t h l i n e a r C-M-C skeletons. Assignment of the v i b r a t i o n a l 
frequencies of the heavy atom skeleton has been c a r r i e d out. D i - t -
b u t y l b e r y l l i u m i s monomeric i n benzene s o l u t i o n and i n the vapour 
phase. 
1:1 Complexes between d i - t - b u t y l b e r y l l i u m and MMe^  (M = N,P) are 
described. The p.m.r. spectrum of the N,N,N',N'-tetramethylethylene-
diamine (TMED) complex, Pr''"2Be(TMED), does not change w i t h temperature, 
i n c o n t r a s t to t h a t of Bu*^2Se(TMED). 
The h a l i d e s BuSeX,0Et2 (X = Cl,Br) are dimeric i n benzene, and 
the c h l o r i d e i s monomeric i n d i e t h y l ether. 
D i - t - b u t y l b e r y l l i i r a i reacts w i t h N,N,N'-trimethylethylenediamine 
producing a monomeric compound, Bu''BeNMeC2H^ NMe2• I n co n t r a s t , d i - n -
p r o p y l - and d i - i s o p r o p y l - b e r y l l i u m react w i t h the same amine forming 
dimeric products. The p.m.r. spectrum of the l a t t e r i s temperature 
dependent. 
The complexes BuSeOC2H^NMe2, BuSeSC2H^NMe2, and MeZnSC2H^NMe2 
are dimeric i n benzene s o l u t i o n . 
Ether-free b e r y l l i u m d i a l k y l s (R2Be, R = Et,Pr", Bu", Bu''') can 
be obtained by a process of prolonged b o i l i n g of the ether complexes 
under r e f l u x a t low pressure. A l l the above eth e r - f r e e b e r y l l i i m 
d i a l k y l s are dimeric i n benzene. The proton magnetic resonance 
spectra (p.m.r.) of some of the b e r y l l i u m d i a l k y l s are described. 
I n several cases there i s a marked temperature and solvent dependence. 
P y r o l y s i s of d i - t - b u t y l b e r y l l i u m to the RBeH stage produced a 
mixture of t - b u t y l - and i s o b u t y l - b e r y l l i u m hydrides. P y r o l y s i s of 
d i - i s o b u t y l b e r y l l i u m r e s u l t e d i n the formation of i s o b u t y l b e r y l l i u m 
hydride. Some co - o r d i n a t i o n complexes of i s o b u t y l b e r y l l i u m are 
described. 
A c o - o r d i n a t i o n complex of b e r y l l i i m hydride, (H^Be2)TMED, has 
been prepared. 
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INTRODUCTION 
This t h e s i s i s concerned w i t h preparative and s t r u c t u r a l studies 
on organic and hydride d e r i v a t i v e s of beryllivmi and zinc. 
The organic compounds of b e r y l l i u m , calcium, strontium, and 
barium have been reviewed''' (covering the l i t e r a t u r e to e a r l y 1961), and 
the c o - o r d i n a t i o n chemistry of b e r y l l i u m , zinc and cadmium, and mercury 
2 
was reviewed i n 1966. Organoberyllium compounds have been the subject 
of a very recent review by F e t t e r , covering the l i t e r a t u r e to e a r l y 
3 
1967. This review includes a catalogue of a l l known organoberyllixim 
compounds tog e t h e r . w i t h p h y s i c a l p r o p e r t i e s and preparative d e t a i l s . 
Organometallic compounds of the main group elements have been the 
4 5 subject of a recent book, as have metal hydrogen compounds. 
This i n t r o d u c t i o n w i l l be concerned w i t h organic and hydride 
d e r i v a t i v e s of b e r y l l i u m , magnesium, zinc, cadmiimi, and mercury 
together w i t h r e l e v a n t work on boron and aluminium. The s t r u c t u r a l 
problems of Grignard reagents w i l l not be discussed i n t h i s t h e s i s ; 
they have been discussed i n two r e v i e w s . ^ T h e organic d e r i v a t i v e s of 
calcium, s t r o n t i u m , and barium w i l l not be discussed as t h e i r organic 
chemistry, so f a r as i t i s known, i s more akin to that of the heavier 
elements of Group I . 
Preparative methods i n organometallic chemistry of these elements 
are covered i n d e t a i l i n books, e a r l i e r theses, and review a r t i c l e s ^ ' ^ ' ^ 
and the r e l e v a n t l i t e r a t u r e references can be obtained from them. 
-2-
Preparative aspects are n o t , t h e r e f o r e , discussed i n d e t a i l i n t h i s 
i n t r o d u c t i o n . 
Both b e r y l l i u m and magnesiim form ' e l e c t r o n - d e f i c i e n t ' compounds, 
these are compounds i n which an atom makes use of more o r b i t a l s than 
the number of a v a i l a b l e valence e l e c t r o n s , r e s u l t i n g i n a s t r u c t u r e i n 
which the t o t a l nimiber of valence electrons i s less than twice the 
number of conventional e l e c t r o n p a i r bonds. This type of bonding i s 
found i n d i m e t h y I b e r y l l i t m i and dimethyImagnesium, both of which are 
poljmieric s o l i d s . 
H3 H3 
\ .a / 
^3 V 
H3 H3 
M = Be or Mg 
The c r y s t a l s t r u c t u r e s have been determined by X-ray d i f f r a c t i o n and the 
r e l e v a n t data are tabulated: 
Me2Be''"^  Me2Mg^^ 
M-M 2*09 + O'OIA 2*73 + 0'02A 
M-C 1*93 + 0*02A 2*24 + 0'03A 
A O , ^ r - , oO CMC 114 + 1 105 + 2 
MCM 66 + 1 ° 75 + 2° 
The bonding can be explained i n terms of 'three centre' molecular 
13 3 3 o r b i t a l s formed from metal sp h y b r i d o r b i t a l s and the remaining sp 
o r b i t a l of carbon. 
The organic compounds of z i n c , cadmium, and mercury do not show 
the same tendency to form e l e c t r o n d e f i c i e n t compounds. The increased 
size of the metal atom r e s u l t i n g i n the non-existence or poor overlap 
of the r e l e v a n t o r b i t a l s . Hence dimethylzinc, -cadmiian, and -mercury 
• T - J £ 1 1 . . 14,15,16,17 are monomeric l i q u i d s of normal covalent s t r u c t u r e . 
B e r y l l i i m i compounds are known i n which the co-ordination nimber of 
the metal atom i s two, t h r e e , or fou r . Two co-ordinate b e r y l l i u m i s 
r e l a t i v e l y r a r e . I t had been suggested t h a t e t h e r - f r e e d i - t e r t - b u t y l -
b e r y l l i u m i s monomeric on vapour pressure grounds and hence would, be 
4 
the f i r s t example of two-co-ordinate b e r y l l i u m at room temperature. 
The only other example of a compound i n which two-co-ordinate b e r y l l i u m 
i s present at room temperature i s the silazane d e r i v a t i v e , 
[(Me3Si)2N]2Be, which has been shown, by v i b r a t i o n a l and p.m.r. 18 spectroscopy, t o have a l i n e a r N-Be-N skeleton and planar BeNSi2 groups. 
-4-
Three-co-ordinate b e r y l l i u m occurs i n the dimeric metal a l k y l s , 
(R2Be)2, and i n the aminoberyllium a l k y l s , (RBeNR'2)j^ where n = 2 or 3 
19 
depending on s t e r i c considerations. Four-co-ordinate b e r y l l i u m i s 
most common and i s found, f o r example, i n s o l i d dimethylberyllium'''^ 
and i s l i k e l y to be present i n the tetrameric a l k y l b e r y l l i v m i alkoxides.^^ 
No organomagnesium compounds are known i n which the co-ordination 
number of the metal i s two: gen e r a l l y organomagnesium compounds contain 
3 
four-co-ordinate magnesium i n the sp hy b r i d i s e d s t a t e . This co-
o r d i n a t i o n nimiber i s a t t a i n e d e i t h e r by polymerisation e.g. (Me2Mg)^ or 
22 
by the formation of a co- o r d i n a t i o n compound, e.g. PhMgBr(0Et2)2• 
22 23 24 
Co-ordination numbers of three and f i v e ' have also been suggested 
f o r some organomagnesivmi compounds. 
Co-ordination numbers of two, thre e , and four are known f o r organo-
z i n c , -cadmiirai, and -mercury compounds. 
The Group I I Metal A l k y l s and t h e i r Co-ordination Compounds 
B e r y l l i t i m 
I n c o n t r a s t w i t h d i m e t h y l b e r y l l i u m which i s a s o l i d polymer as 
discussed e a r l i e r , the known higher a l k y l s are l i q u i d s at room 
temperature and are less associated. The degrees of association 
( c r y o s c o p i c a l l y ) of d i e t h y l b e r y l l i v m i , i n benzene and cyclohexane 
s o l u t i o n s r e s p e c t i v e l y , are reported t o be 2*09 and 2*39, these values 
25 26 i n c r e a s i n g to 3*58 and 3*16 a f t e r 240 days. D i - i s o p r o p y l b e r y l l i u m 
27 
and d i - n - b u t y l b e r y l l i i a m are dimeric ( c r y o s c o p i c a l l y ) i n benzene 
s o l u t i o n . 
The c o - o r d i n a t i o n chemistry of the b e r y l l i u m a l k y l s i s w e l l 
2 28 
documented. ' Complexes of the form R2Be.L and R2Be.L2 (L = l i g a n d ) 
are known w i t h monodentate ligands and 1:1 complexes w i t h bidentate 
l i g a n d s . I n order to form complexes of dimethylberyllium the heat of 
formation of the complex must exceed the heat of depolyraerisation of the 
d i m e t h y l b e r y l l i u m . Studies on d i m e t h y l b e r y l l i u m i n d i c a t e t h a t the order 
of heat of formation of co-ordinate l i n k s to b e r y l l i u m i s N > P > 0 >> 
As, S, and no c o - o r d i n a t i o n compounds of d i m e t h y l b e r y l l i i m i w i t h t r i -
29 
methylarsine or dimethylsulphide are known. Similar r e s u l t s are 
obtained f o r trimethylaluminiim"^*^ and trimethylgallivmi,^''' when there i s 
no p o s s i b i l i t y of jt-bonding complicating the system. 
29 32 
Trimethy1amine forms 1:1 and 2:1 complexes w i t h dimethyl-
b e r y l l i i r a i , the 2:1 complex i s less stable than the 1:1 complex and has a 
-6-
d i s s o c i a t i o n pressure of 22*7 mm. Hg of trimethylamine at 0°. The 
29 
p r e v i o u s l y reported compound (Ke2&e)2(.^^2\ heen shown to be a 
32 
mixture of the two complexes. With trimethylphosphine the s i t u a t i o n 
i s more complex since the heat of co-ordinates of trimethylphosphine 
w i t h dimethylberyllivmi i s of the same order of magnitude as the heat of 
depolymerisation of d i m e t h y l b e r y l l i i m i . Therefore a complex set of 
e q u i l i b r i a are set up and a range of compounds, (Me3P)^(Me2Be)^ where 
x = 2 , 3, 1, 2, 2, 2 a n d y = l , 2, 1, 3, 4, 5 are formed. Each 
compound being stable over a range of temperature and pressure of 
29 
trimethylphosphine. 
33 
D i e t h y l b e r y l l i u m forms 1:1 and 1:2 complexes w i t h trimethylamine 
26 
but only 1:1 complexes are known f o r d i - i s o p r o p y l b e r y l l i u m and d i -
34 
t e r t - b u t y l b e r y l l i u m , the l a t t e r not having been obtained i n a pure 
s t a t e . P yridine forms s t a b l e , coloured, c r y s t a l l i n e 2:1 complexes w i t h 
b e r y l l i u m d i - a l k y l s (R = Me, Et,"^^ Pr^, Bu*^  ^ ^ ) . 
Dimethyl- and d i e t h y l - e t h e r also co-ordinate to dimethylberyllium 
29 
but the complexes have high d i s s o c i a t i o n pressures at room temperature. 
The higher b e r y l l i u m a l k y l s a l l r e t a i n ether t o a c e r t a i n extent 
(R2Be:OEt2 i s ~ 1:1) but the ether can be removed, by prolonged pumping 
26 
under r e f l u x , from d i - i s o p r o p y l b e r y l l i u m . 
A series of 1:1 and 1:2 complexes of diphenylethynylberyllium w i t h 
37 
N and 0 donors have been prepared. Those complexes which are 
s u f f i c i e n t l y soluble i n benzene have been found to be monomeric i n th a t 
solvent ( c r y o s c o p i c a l l y ) . 
C r y s t a l l i n e 1:1 complexes are formed from b e r y l l i i m i d i - a l k y l s and 
b i d e n t a t e l i g a n d s , e.g. N,N,N',N'rtetramethylethylenediamine (TMED) 
35 36 3 7 forms the complexes R2Be.TMED where R = Me, . Et, PhC=C. 
32 38 D i m e t h y l b e r y l l i i m i and d i p h e n y l b e r y l l i u m form s i m i l a r complexes w i t h 
N,N,N' ,N'-tetramethyl-o-phenylenediamine and 1,2-dimethoxyethane. 
2 , 2 ' - B i p y r i d y l reacts w i t h b e r y l l i i m i a l k y l s and halides to form a 
s e r i e s of coloured compounds of the general formula bipyBeX2 where X = 
35 37 
C I , Br, I , Ph, Et, Me, and PhC^. Si m i l a r complexes from d i - i s o -
p r o p y l - , d i - n - b u t y l b e r y l l i i m and isopr o p y l - b e r y l l i v m i hydride decomposed 
35 
t o brown t a r s . Spectroscopic studies on these compounds have shown 
t h a t the molar e x t i n c t i o n c o e f f i c i e n t of these compounds increases as 
the e l e c t r o n e g a t i v i t y of the group attached to b e r y l l i u m decreases, 
the colours are explained by e l e c t r o n t r a n s f e r from the Be-X bond to the 
35 
lowest unoccupied molecular o r b i t a l of the b i p y r i d y l it system. The 
colours of the compounds are i n agreement w i t h t h i s , w i t h X = C l , PhC<:, 
the complexes are w h i t e ; X = Br, pale cream; X = I , Ph, Me, yellow; and 
X = Et, red. 
39 
With tetramethylhydrazine the complex Me2NNMe2(BeEt2)2,is formed 
and i n benzene s o l u t i o n both monomers and dimers are present i n s o l u t i o n , 
a s s o c i a t i o n probably being through b r i d g i n g e t h y l groups as n i t r o g e n 
already has maximinn co - o r d i n a t i o n . This r e s u l t contrasts w i t h the 
f i s s i o n of 0-0 bonds i n the r e a c t i o n of Bu*'0-OBu*' w i t h dimethylberyllium 
t 20 
t o produce [MeBeOBu ] ^ and EtS-SEt w i t h d i e t h y l b e r y l l i i m i to produce 
[EtBeSEt]^.'^^ 
-8-
Tetramethyltetrazene (TMT) forms 1:1 and 1:2 complexes w i t h 
d i e t h y l - and d i - i s o p r o p y l b e r y l l i t n t i , the 2:1 complex being formed by 
p y r o l y s i s of the 1:1 complex at 70-90°. These complexes are formulated: 
^2j^^ ^ N 
1:1 complex 
Me^N N >BeR2 
1:2 complex 
A corresponding 1:1 complex i s formed w i t h d i - t e r t - b u t y l b e r y l l i i m but 
on p y r o l y s i s the complex Bu„Se.TMT.BuSeH i s formed, not the 1:2 
complex as f o r the lower a l k y l s 41 
Magnesium 
12 42 Dimethyl- and diethylmagnesium have been shown by X-ray powder 
d i f f r a c t i o n methods to be polymeric s o l i d s containing magnesium-alkyl-
magnesiinn bridges. They are i n s o l u b l e i n non-donor solvents and w i t h 
one exception the higher a l k y l s , up to the b u t y l s , have s i m i l a r physical 
p r o p e r t i e s and are reasonably assumed to consist of long polymer chains. 
Di-sec-butylmagnesium has been prepared by the r e a c t i o n between sec-butyl-
magnesium c h l o r i d e and s e c - b u t y l - l i t h i i m i i n ether and removing the 
ether by d i s t i l l a t i o n a f t e r adding benzene. The product i s dimeric i n 
43 
benzene s o l u t i o n . The same authors have used t h i s procedure to 
prepare mixed a l k y l s of magnesium. 
U n t i l r e c e n t l y very l i t t l e work has been done on the co-ordination 
complexes of the magnesium d i a l k y l s . X-ray s t r u c t u r a l studies have 
shown t h a t the magnesium d i a l k y l s form stronger polymers than b e r y l l i u m 
d i a l k y l s and t h e r e f o r e i t i s expected t h a t the co-ordination compounds 
of magnesium d i a l k y l s w i l l not form so easily, and w i l l lose the donor 
molecule more read i l y , than the correspondung b e r y l l i u m compound. For 
example, dimethylmagnesium absorbs trimethylamine but no s t o i c h i o m e t r i c 
44 
complex was i s o l a t e d . The d i s s o c i a t i o n pressure i s given by the 
equation: 
log^^pCmm.) = 11-66 - 3316/T°K 
corresponding to a heat of d i s s o c i a t i o n of 15*2 kcal./mole of t r i m e t h y l -
4 
amine , a marked co n t r a s t t o the b e r y l l i u m case where the d i s s o c i a t i o n 
29 
pressure i s unmeasurable at room temperature. 
Stable 1:1 complexes w i t h N,N,N',N'-tetramethylethylenediamine 
(TMED) have been prepared where R = Et, Pr'^, Pr''^ , Bu",^^ Me, Ph, Bu*".^^ 
These are a l l s o l i d s , except f o r Bu2"MgTMED which i s a l i q u i d , and can 
be sublimed unchanged i n vacuo. I n contrast the 1:1 complexes of 
dimethyImagneslum w i t h N,N,N',N'-tetramethyl-o-phenylenediaraine and 
46 
1,2 dimethoxyethane lose l i g a n d on heating. No stable complex of 
dimethylmagnesium w i t h 2 , 2 ' - b i p y r i d y l can be obtained, a yellow 
c r y s t a l l i n e complex i s i n i t i a l l y formed but r a p i d l y darkens, presumably 
46 
due t o a d d i t i o n of Mg-C across the C=N of the b i p y r i d y l . 
•10-
Complexes w i t h monodentate ligands are not w e l l defined except i n 
the case of Ph2Mg(THF)2 which does not d i s s o c i a t e i n benzene s o l u t i o n i n 
46 
which i t i s monomeric. DimethyImagneslum can be c r y s t a l l i s e d , f r o m 
47 
s o l u t i o n i n d i e t h y l e t h e r , f r e e of l i g a n d . 
Zinc, cadmium, and mercury 
The c o - o r d i n a t i o n chemistry of zinc and cadmium has been discussed 
2 
at l e n g t h i n a review and only the most recent work w i l l be discussed 
here. Co-ordination compounds of mercury d i a l k y l s are only known when 
48 
the a l k y l groups are halogenated. 
A d i e l e c t r i c t i t r a t i o n procedure has been used to study the 
formation and s t a b i l i t y constants of 1:1 complexes of zinc d i a l k y l s w i t h 
49 50 
N,N,N',N'-tetramethylethylenediamine (TMED) and 2, 2 ' - b i p y r i d y l ( b i p y ) . ' 
The r e s u l t s show t h a t f o r the TMED complexes the order of s t a b i l i t y i s 
Me > Et > Pr''' > Bu*". This i s as expected because e l e c t r o n releasing 
s u b s t i t u e n t s increase the e l e c t r o n density on the metal thereby weakening 
the co-ordinate bonds w i t h TMED which i s a pure a-donor.^^ S t e r i c 
e f f e c t s w i l l also a f f e c t complex s t a b i l i t y and t h i s order, shown above, 
f o l l o w s the sequence f o r both polar and s t e r i c e f f e c t s . I n the 
b i p y r i d y l complexes the observed order of s t a b i l i t y i s reversed and 
cannot be explained simply i n terms of a-bonding. it-Bonding i n t r a n s i t i o n 
metal complexes i s favoured i f the metal atom c a r r i e s a formal negative 
52 53 
charge or i f the metal i s s u b s t i t u t e d w i t h e l e c t r o n donating groups. ' 
Taking i n t o account the r e l a t i v e e l e c t r o n donating p r o p e r t i e s of the 
•11-
a l k y l groups, synergic a-it bonding would be more e f f e c t i v e i n going 
from Me t o Bu*" i n the s e r i e s . Z i n c has a f u l l d e l e c t r o n s h e l l and 
the transference of one of these electrons to the h e t e r o c y c l i c n* system 
54 
could be responsible f o r the t r a n s i t i o n , and not an CT-JT* t r a n s i t i o n 
as i n the b e r y l l i u m case.^^ Recent work^^'^^ on a series of R^Zn.bipy 
complexes (R = CH^-CgHj^g) has r e s u l t e d i n the f o l l o w i n g MO bonding 
scheme being proposed: 
^ 
rt(d 2 j d 2 2) 
CT(SP"^) 
4 - - hv 
\ 
y 
\ 
CT(SP^) 
zinc acceptor ^ 
o r b i t a l s ' 
donator o r b i t a l s 
of bipy 
MO's of complex 
A jt-rt* t r a n s i t i o n being responsible f o r the l i g h t absorption 56 
-12-
Reactions of Metal A l k y l s w i t h A c i d i c Hydrogen 
Reaction of a Group I I metal a l k y l w i t h a substance containing 
a c i d i c hydrogen (HA) occurs i n two stages: 
( i ) R^ M + HA > [RMA] + RH 
( i i ) [RMA] + HA > MA2 + RH 
The compound RMA, i f monomeric, would be c o - o r d i n a t i v e l y unsaturated at 
the metal atom, and the metal atom would have enhanced acceptor 
c h a r a c t e r i s t i c s due t o being attached to the more electronegative (than 
R i n R2M) e n t i t y A. I f the residue A possesses any lone-pair electrons 
on the atom attached t o the metal atom then t h e i r donor pro p e r t i e s w i l l 
be enhanced due to the p o l a r i t y of the M-A bond. Therefore the RMA 
species may be expected t o undergo some associative process to remove 
the c o - o r d i n a t i v e u n s a t u r a t i o n of the metal atom. 
The degree of a s s o c i a t i o n of t h i s type of complex appears to be 
a f f e c t e d by four f a c t o r s , ^ ^ although the r e l a t i v e importance of them 
i s not understood. The a s s o c i a t i v e process may be w r i t t e n : 
n(RMA) ^  ^ (RMA)^ 
AG = Zai - TAS = -RTlnK 
1. Entropy f a c t o r s . For as s o c i a t i o n to take place AG must be 
negative and t h i s can be achieved i f AS i s p o s i t i v e . AS w i l l be more 
p o s i t i v e the greater the number of p a r t i c l e s per u n i t mass, and thus 
n 
-13-
entropy f a c t o r s alone favour small values of n. 
2. S t e r i c i n t e r f e r e n c e . By the use of molecular models i t can be 
shown t h a t there i s less i n t e r f e r e n c e between bulky substituents i n 
dimers than i n t r i m e r s , thus when bulky groups are present dimers are 
favoured r e l a t i v e t o t r i m e r s . 
3. Valency angle s t r a i n . The associated compound w i l l tend to have 
the l e a s t possible s t r a i n . Valency angle s t r a i n i s more r e a d i l y 
58 
t o l e r a t e d by the heavier elements. 
4. Nature of the r e a c t i o n intermediates. Polymeric intermediates 
formed by an i n t e r - m o l e c u l a r condensation w i l l favour polymers, 
tetramers and t r i m e r s as the i s o l a t e d species. A monomeric intermediate 
w i l l favour a dimer as the associated species. 
The m a j o r i t y of the work on the f a c t o r s a f f e c t i n g the degree of 
a s s o c i a t i o n of such compounds has been c a r r i e d out on the Group I I I metal 
a l k y l s . I n recent years a considerable e f f o r t has been put i n t o a study 
of the Group I I metal a l k y l s , p a r t i c u l a r l y those of b e r y l l i u m , zinc and 
magnesium, w i t h amines, alcohols and t h i o l s . 
Reactions of organoberyllium compounds w i t h a c i d i c hydrogen 
I n Table 1 are l i s t e d a number of arainoberyllium a l k y l s prepared 
by the r e a c t i o n of a b e r y l l i i m i d i a l k y l (or d i a r y l ) w i t h one mol. of a 
secondary amine. From the Table i t can be seen that the degree of 
a s s o c i a t i o n i s three except when bulky groups are present, when the less 
s t e r i c a l l y hindered dimer i s formed. Entropy f a c t o r s would favour the 
-14-
formation of dimers (2,1) over trimers (2,2). However, the average r i n g 
angle i n the dimer must be 90° and valence angle s t r a i n would be 
appreciable. 
R'2 R'2 
^Be 
R Be;: Be R R Be N^R', 
B ^ N' 
R'2 R'2 \ 
(2,1) (2,2) 
Rough c a l c u l a t i o n s show tha t valency angle s t r a i n w i l l be the most 
19 
important f a c t o r except when bulky groups are present. Both dimeric 
and t r i m e r i c products contain three-co-ordinate b e r y l l i i n a and therefore 
should re a c t w i t h bases. Table 2 l i s t s some of the products formed 
from a m i n o b e r y l l i i m a l k y l s w i t h p y r i d i n e and 2 , 2 ' - b i p y r i d y l . I n some 
instances the reac t i o n s are complicated by d i s p r o p o r t i o n a t i o n processes. 
The r e a c t i o n of (MeBeNMe2)2 w i t h p y r i d i n e , however, takes place without 
complication: 
•15-
3 mols 
Py ^ Me2 
(MeBeNMe2)3 
excess 
Me2 
Me N py 
^ B e ' ^ Ne^ 
py ^ M e 
R'2N % y 
Reactions between o r g a n o b e r y l l i i m compounds and secondary amines 
u s u a l l y proceed r a p i d l y to completion, and i n some instances both a l k y l 
26 61 62 
groups can be replaced by secondary amino groups. ' ' I n contrast 
di-£-butylberyllium forms a 1:1 adduct w i t h dimethylamine, and complete 
e v o l u t i o n of isobutane could not be achieved even on heating to 70°.^^ 
Construction of a model of the complex showed t h a t the amino hydrogen 
i s so shielded t h a t i t cannot come w i t h i n r e a c t i o n distance of a Be-C 
bond e i t h e r i n the same or a neighbouring molecule. 
Dimethylberyllium forms a complex w i t h N,N,N'-trimethylethylene-
diamine wiiich evolves methane at room temperature forming a dimeric 
35 
product ( 2 , 3 ) : Reaction of ethylenediamine, N,N- and N,N'-ethylene-
diamine w i t h d i m e t h y l b e r y l l i u m r e s u l t s i n polymer formation. 
D i - i s o p r o p y l b e r y l l i u m reacts w i t h excess dimethylamine to form 
bisdimethylaminoberyllium which i s t r i m e r i c i n benzene s o l u t i o n and i n 
26 
the vapour phase. The s t r u c t u r e (2,4) was o r i g i n a l l y proposed f o r 
the compound. 
•16-
CH^—NMe^ ^ Me 
C H:,—NM2 NMe-C H-
\ / 
M2 
(2,3) 
The p.m.r. spectrum, i n benzene s o l u t i o n , of bisdimethylaminoberyllium 
shows two resonances a t t r 4 * 2 8 and 4*90 i n the r a t i o of 1:2, and the 
s t r u c t u r e (2,5) has been p r o p o s e d . A recent X-ray s t r u c t u r a l analysis 
63 
has confirmed s t r u c t u r e ( 2 , 5 ) . 
Me, 
Me2 
N- •^Be^ 
Me2N- -Be; 
Me. 
-Be 
N 
Me, 
1. NMe, Me2N- -Be: 
Me Me 
^ e Be-
W 
Me Me, 
-NMe, 
(2,4) (2,5) 
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13 Extension of the p.ra.r. work t o the measurement of the C-H coupling 
constants has i n d i c a t e d the p o s s i b i l i t y of (pf-p ) : T bonding between 
be r y l l i v m i and the te r m i n a l dimethylamino groups i n (2,5). This i s 
f u r t h e r substantiated by the geometry of the molecule, since i n the 
63 
t e r m i n a l dimethylamino-beryllium group BeNC2 are coplanar. 
D i e t h y l b e r y l l i u m reacts w i t h diphenylamine (2 mols.) to form an 
62 
i n s o l u b l e , polymeric, m a t e r i a l [Be(NPh),] . 
Reactions between b e r y l l i u m a l k y l s and primary amines are more 
complex. Dimethylberyllium reacts w i t h methylamine evolving methane, 
59 
but the product has not been f u l l y characterised. S i m i l a r l y ammonia 
reacts w i t h R2Be (R = Me,Et) but alkane e v o l u t i o n i s not q u a n t i t a t i v e 
even a t 50°, polymeric products of the form R-(BeNHBe)-NH2 were obtained, 
64 
but were not f u l l y characterised. The r e a c t i o n between dimethyl-
b e r y l l i u m and t-butylamine has been c a r r i e d out f o r a v a r i e t y of 
s t o i c h i o m e t r i e s : 
'2Bu*^ NH2 ^ [(Bu*^NH)2Be]2 
Bu^NH2 ^^(MeBeNHBu^)^ 
iBu'^ NH2 ^^(MeBeNHBu'^)^ + ^e2Be 
The dimer i s assigned the s t r u c t u r e (2,1) and the trim e r (2,2) as 
discussed e a r l i e r . The f a i l u r e of (MeBeNHBu^)^ to react w i t h dimethyl-
b e r y l l i u m i s probably due t o s t e r i c e f f e c t s . The t r i m e r , (MeBeNHBu*')^, 
el i m i n a t e s methane on hea t i n g , but not q u a n t i t a t i v e l y . A f t e r 72 hours 
a t 110° only 66% of the expected methane was evolved. 
Me2Be + 
-18-
Table 3 l i s t s a series of a l k y l b e r y l l i u m alkoxides prepared mainly 
by a l c o h o l y s i s of b e r y l l i u m d i a l k y l s . Most of the alkoxides are 
te t r a m e r i c i n benzene s o l u t i o n , but lower degrees of association r e s u l t 
when the organic groups are l a r g e , e.g. (EtBeOCEt^)2, (MeBepCPh^)2, 
and (Bu^BeOBu*')2. The tetramers probably have the cubane s t r u c t u r e as 
found i n the methylzinc methoxide tetramer ( t o be discussed l a t e r ) . 
The size of both the alkoxy group and the a l k y l group attached to 
b e r y l l i u m a f f e c t the degree of a s s o c i a t i o n , an e f f e c t c l e a r l y shown by 
m e t h y l b e r y l l i i i m t-butoxide which i s a tetramer whereas t - b u t y l b e r y l l i u m 
20 
t-butoxide i s a dimer. The e f f e c t of size of the alkoxy group i s 
shown by the series: (MeBeOCH2Ph)^, (MeBeOCHPh2)2, (MeBeOCPh^)2. 
Organoberyllium alkoxides have been prepared by the a d d i t i o n of an 
a l k y l b e r y l l i u m hydride t o aldehydes or k e t o n e s , a n d by the a d d i t i o n of 
20 
b e r y l l i u m d i a l k y l s to aldehydes or ketones. Methylberyllium t-butoxide 
has been prepared by four methods: 
Me„Be + Bu*^ 0H-
2 ^ ^ ^ ^ ^ Me2Be 
Me_Be + Me„C=0 > (MeBeOBu*^) ^ [(Bu'^O) Be] 
t ""ne^C^O 
Ke^Be + Bu O'OBu ^ 
Ebu l l i o s c o p i c molecular weight determinations c a r r i e d out i n very 
d i l u t e s o l u t i o n s (O'004-0•015M ca l c u l a t e d as monomer) on the compounds 
(MeBeOR)^ have shown them to be nearly dimeric (R = Me, n = 2*16; Et, 
2*13; Pr", 2*01; Pr^, 1*92; Bu*^ , 1'97). Alkoxy bridged dimers are 
-19-
believed t o e x i s t i n these s o l u t i o n s and some such complexes w i t h ether 
20 
and p y r i d i n e have been prepared. Table 4 l i s t s a series of such 
compounds. The monomeric complexes contain three co-ordinate b e r y l l i u m ; 
where a s s o c i a t i o n takes place, e.g. i n Me(Bu^O)Be.py i t i s probably due 
to an e q u i l i b r i u m between the dimer containing co-ordinated p y r i d i n e , 
the tetramer, and fr e e p y r i d i n e : 
Bu^ 
Me 0. py 
Be!f^ Be*^ . •i(MeBeOBu'^),, + 2py 
py"^ O'^  Me 
Bu*^  
P y r i d i n e could be evaporated from a s o l u t i o n of the complex i n benzene. 
The p.m.r. spectra of the a l k y l b e r y l l i u m alkoxides are of some 
i n t e r e s t . I n some cases they present evidence f o r some of the alkoxides 
possessing alkoxy groups i n two d i f f e r e n t environments. For example, 
the CH^ -O resonance of (MeBeOMe)^ i s a doublet ( i n benzene s o l u t i o n ) and 
i s temperature and concentration independent. The spectrtmi of 
(MeBeOBu ), i s more p e c u l i a r ; i n benzene s o l u t i o n two s i n g l e t s are observed 
as expected f o r a sjmimetrical s t r u c t u r e l i k e methylzinc methoxide. I n 
perdeuteromethylcyclohexane, however, two doublets are observed. No 
change i n e i t h e r of the spectra was observed on v a r i a t i o n of concentration 
20 
and temperature. 
The b i s ( a l k o x y ) b e r y l l i u m compounds are formed on r e a c t i o n of a 
b e r y l l i u m d i a l k y l w i t h excess a l c o h o l . Studies on various s u b s t i t u t e d 
-20-
phenols have shown t h a t the f i r s t a l k y l (methyl, e t h y l ) group i s 
e l i m i n a t e d below -80° and" the second s t a r t s t o react between -55° and 
o 67 
-30 . Table 5 l i s t s some b e r y l l i u m alkoxides, the more s t e r i c a l l y 
hindered alcohols have low degrees of association. P.m.r. data suggests 
a s i m i l a r s t r u c t u r e f o r [(BU*'0) B e ] ^ ^ to t h a t confirmed by X-ray 
anal y s i s f o r [(M.e^]if)^Be]^.^'^ 
A l k y l t h i o b e r y l l i u m a l k y l s have r e c e n t l y been d e s c r i b e d , t h e s e 
g e n e r a l l y have a higher tendency to di s p r o p o r t i o n a t e than t h e i r oxygen 
29 
analogues as sulphur i s a weaker donor to b e r y l l i u m than i s oxygen. 
Four tetramers (EtBeSR)^, R = Et, Pr^, or Bu*^  and (MeBeSBu*^)^ have been 
prepared and are believed to have s t r u c t u r e s based on a Be,S, cube. 
4 4 
Whereas the e t h y l b e r y l l i u m compounds could be c r y s t a l l i s e d solvent f r e e , 
the i s o p r o p y l b e r y l l i u m compounds could only be obtained i n the form of 
complexes (Pr'''BeSEt.1)2 where L = 0Et2,py. Table 6 l i s t s the compounds 
prepared. The sulphides Be(SEt)2 and Be(SBu^)2 are ins o l u b l e i n ether 
and hydrocarbons and are presumed to be poljraieric. 
Selenium d e r i v a t i v e s (MeBeSPh.OEt2)2 and EtBeSEt.py2 have also been 
described. 
Dimethylberyllium reacts w i t h 2-dimethylaminoethanol and the product 
which c r y s t a l l i s e s solvent f r e e i s oligomeric ( n ~ 7 ) whereas methyl-
b e r y l l i u m 2-dimethylaminoethylsulphide i s a t r i m e r and i s formulated w i t h 
the c y c l i c s t r u c t u r e ( 2 , 6 ) . ^ ^ The reason f o r the differences i n the 
degrees of a s s o c i a t i o n i s not c l e a r . I t i s possible t h a t both have cross 
l i n k e d polymeric s t r u c t u r e s ( c o n t a i n i n g four co-ordinate b e r y l l i u m i n the 
-21-
s o l i d phase. 
BeMe BeMe 
BeMe CH„ 
A\ I 2 
Me„N 
(2,6) 
Dimethylberyllium reacts w i t h acetoxime to form a tetramer, 
(MeBe0N=CMe2)^. The p.m.r. spectrum of t h i s compound i s very i n t e r e s t i n g 
and w i l l be discussed along w i t h the analogous zinc compound. A t e t r a -
meric product i s also formed when d i m e t h y l b e r y l l i i m reacts w i t h 8-hydroxy-
q u i n o l i n e , i t i s believed t o consi s t of two (non planar) dimeric u n i t s 
( 2 , 7 ) , p a r a l l e l . to each other, w i t h c o - o r d i n a t i o n between each oxygen 
i n one dimer and b e r y l l i u m i n another to give a tetramer containing 
three co-ordinate oxygen and four co-ordinate b e r y l l i u m . 
-22-
0 B^e 
Me 
(2,7) 
Reactions of organozinc compounds w i t h a c i d i c hydrogen 
Reactions i n v o l v i n g zinc d i - a l k y l s and compounds containing a c i d i c 
hydrogen have been known f o r many years. ' 
Table 7 l i s t s a series of aminozinc a l k y l s formed by r e a c t i o n of a 
73 74 
zinc d i a l k y l w i t h a secondary amine. ' The products are a l l dimeric 
i n c o n t r a s t t o the analogous b e r y l l i u m compounds where both dimers and 
t r i m e r s are formed. The c r y s t a l s t r u c t u r e of (MeZnNPh2)2 has been 
examined by X-ray d i f f r a c t i o n ' ^ ^ and i s shown below (2,8). Dimethylzinc 
and an equimolar amount of dimethylamine gives only bis(diemthylamino)-
zinc as an i n s o l u b l e , i n v o l a t i l e , presumably polymeric white s o l i d . No 
73 
evidence f o r (MeZnNMe2)^ was obtained. The a c i d o l y s i s of various zinc 
-23-
2,9 
d i a l k y l s i n Pr 2^ w i t h several amines has been studied from a k i n e t i c 
v i e w p o i n t , and the intermediates were not examined. 
73 
With the exception of (MeZnNMeC2H^NMe2)2 vhose s t r u c t u r e i s 
beli e v e d t o be s i m i l a r t o the b e r y l l i i m analogue (2,3) and would thus 
c o n t a i n 4-co-ordinate z i n c , the aminozinc a l k y l s l i s t e d i n Table 7 
conta i n 3-co-ordinate zinc. This explains the ease of formation of the 
yel l o w , c r y s t a l l i n e complex, Me(py)2ZnNPh2, which i s monomeric. However, 
a d d i t i o n of one mol. of p y r i d i n e r e s u l t s i n d i s p r o p o r t i o n a t i o n and 
73 
formation of py2Zn(NPh2)2• Aminozinc a l k y l s react w i t h some 
unsaturated molecules: 
-24-
X 
RZnNR'2 + R"N=C=X RZn-NR"-C-NR'2 " 
RZnNR'2 + RZn-X-C-NR'2 " 
74 
The products were not examined. 
Similar reactions take place between zinc dialkyls and secondary 
78 
phosphines. The products are more associated than the corresponding 
aminozinc compounds, (EtZnPPh2) being insoluble i n benzene and 
(PhZnNPh2) having a degree of association of ca.7. Unlike the amino 
compounds, RZnPR'2 reacts with a second mole of phosphine to produce 
Zn(PR'2)2-
Diethylzinc reacts with water at 0° and only one ethyl group i s 
79 
displaced, the product has been formulated, (2,9): 
Et Znl Z n — E t 
^0' 
H 
(2,9) 
Crystalline products from zinc dialkyls and alcohols have been known for 
some time^*^ and Table 8 l i s t s a series of'.such products. The products are 
-25-
generally tetramers except when very bulky groups are present. X-ray 
crystallographic examination of methylzinc methoxide has shown i t to 
80 
possess the highly symmetrical cubane structure shown i n (2,10), 
2,10 
the structure consisting of two interpenetrating tetrahedra, one of 
zinc atoms, the other of oxygen atoms. The crystal structure of ethyl-
81 
zinc t-butoxide i s reported to be similar. 
The tetrameric structure allows the alkoxides to become co-ordinately 
saturated and only the less basic phenoxide forms a pyridine adduct: 
-26-
|(MeZnOPh)^ + 2py > Z^n'' ^JLTC_ 
Me'' ^0' 
Ph 
Ph 
py^ 0. Me 
py 
The infrared spectrum of methylzinc methoxide i s v i r t u a l l y identical 
whether recorded as a Nujol mull of the cr y s t a l l i n e s o l i d , as a solution 
i n cyclohexane, or as a solution i n cyclohexane to which a mole of 
82 
pyridine per gram-atom of zinc had been added. The nearly cubic 
structure of the crystal persisting i n solution. The stronger Lewis 
base, 4-dimethylaminopyridine?.causes (MeZnOMe)^ to form a crystalline 
adduct [Me2NC^H^N.Zn(0Me)Me] which i s largely dissociated i n benzene 
1 82 solution. 
The siloxy compound, CH^ZnOSiMe^, i s also tetrameric i n hydrocarbon 
83 
solvents. Trimers are produced i n the reaction between zinc dialkyls 
and 2-dimethylaminoethanol, and the products do not react with excess 
methyl iodide; a structure analogous to methylberylliimi 2-dimethy1amino-
82 
ethylsulphide (2,6) i s therefore proposed. 
The p.m.r. spectra of the alkylzinc alkoxides have evoked 
considerable interest. The spectrum of methylzinc methoxide was reported 
to consist of two doublets at 25°, one due to CH^ -Zn and the other due to 
-27-
CH^ O-Zn. The methyl-zinc doublet collapses to a singlet on heating to 
40° but the methoxy doublet remains even up to 100°. The spectrum of 
methylzinc-t-butoxide consists of the expected two singlets. This was 
explained i n terms of isomeric forms of the methoxide not available to 
73 
the t-butoxide on steric grounds. A study of the methanolysis of 
dimethylzinc i n several proportions, solvents and at various temperatures 
has led to the conclusion that methylzinc methoxide exists as an 
equilibrium mixture of dimethylzinc, (MeZnOMe) , and a methylzinc 
X 
methoxide, MegZn^(OMe)g. The p.m.r. spectrum of methylzinc methoxide 
being the expected two lines when freshly prepared, changing with time 
to the two doublets due to the above disproportionation.^^'^^ Similar 
results were obtained with the systems diphenylzinc-methanol, dimethyl-
zinc-ethanol, diphenylzinc-ethanol. Methylzinc isopropoxide and t -
84 85 
butoxide are considered to remain as tetramers i n solution. ' 
Similar explanations cannot be applied to the p.m.r. spectra of a l k y l -
beryllium alkoxides as dimethylberyllium i s insoluble i n hydrocarbons 
20 
and no precipitates were observed. 
The reaction between acetoxime and diethylzinc was f i r s t reported 
72 
more than t h i r t y years ago, insoluble (Me2C=N0)2Zn and soluble 
(Me2C=N0ZnEt) being produced. No molecular weight data were recorded 
for the l a t t e r . The methylzinc analogue i s tetrameric i n benzene 
82 
solution, (MeZnON=CMe2)^. The crystal structure has been determined 
by X-ray d i f f r a c t i o n and i s shown below (2,11).^'^ 
• 28-
2," 
Each zinc atom i s four co-ordinate, and a l l nitrogen and oxygen atoms are 
three co-ordinate. The structure consists of four five-membered rings 
and two six-membered rings fused together. There are three d i f f e r e n t 
co-ordination environments for Zn i n this structure, however, i n benzene 
solution the p.m.r. spectrum showed only a single resonance due to 
Zn-CH^, possible due to exchange processes. The beryllium analogue^^ 
showed three Be-CH^  resonances i n the r a t i o 2:1:1 suggesting that the 
compounds have similar structures and exchange processes are slow i n the 
case of beryllium. 
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The reaction between benzophenone and R2Zn i s interesting 83 
+ Me2Zn ^-qluene ^  y^-'--'-^ *^ Me2Zn recovered quantitatively 
Ph2C=0 + Et2Zn > (EtZnOCHPh2)3 + C2H^  
+ Ph2Zn > (PhZnOCPh^)2 
The two compounds produced clearly showing the effect of steric 
hindrance on degree of association. 
Reaction between zinc dialkyls and th i o l s give compounds of the 
type (RZnSR') . The degrees of association of these compounds are 
peculiar. When R' = Ph, Pr'^, Me; R=Me then the product i s an insoluble 
polymer. When R' = Pr'"', Bu*"; R=Me then the degrees of association are 6 
and 5 respectively, ethylzinc t-butylsulphide i s also p e n t a m e r i c . A l l 
the above thio compounds dissolve i n benzene to which pyridine has been 
added but only i n one case was a cr y s t a l l i n e complex isolated, 
[Me(py)ZnSBu*']2- The crystal structure of (MeZnSBu^)^ has been studied 
86 
by X-ray d i f f r a c t i o n and i s shown (2,12) below. 
Dimethylzinc reacts with acetic acid and with dimethylphosphinic 
73 
acid to give insoluble poljmieric solids. 
-30-
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Reactions of organomagnesium compounds with acidic hydrogen 
The reactions of secondary amines with magnesium dialkyls have been 
22 
studied by Coates and Ridley, the nature of the products being 
complicated due to the fact that they can associate through both 
bridging amino and a l k y l groups. Therefore compounds of the type 
RMgNR'2 are l i k e l y to be polymeric. Where the al k y l groups are large 
dimers have been prepared and these contain previously unknown 3-co-
ordinate magnesiimi. Table 9 l i s t s some of the aminomagnesium alkyls and 
some of th e i r complexes. 
Reaction between dimethylamine and one molar equivalent of diet h y l -
magnesium gives the insoluble, polymeric,• bisdimethylaminomagnesium. 
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I t i s l i k e l y that EtMgNMe2 i s an intermediate and any disproportionation 
would proceed to completion due to the i n s o l u b i l i t y of the product. 
When amines with larger organic groups are used disproportionation does 
not occur but the products cannot be freed from ether. When THF i s 
added to EtMgNR2 ( R = Et.Pr""") i n hexane solution, removal of solvent 
leaves syrups with the formulae (EtMgM2)2THF; these are associated to 
some extent i n benzene solution. Monomers would contain both three and 
four co-ordinate magnesium, dimers can readily be formulated (2,13) with 
four co-ordinate magnesium. 
THF 
Mg 
N, 
CH. 
CH. 
Mg 
R2 
N 
Mg 
.Et 
Et' r 
R. 
CH„ 
CH. 
2,13 
Ro 
THF 
The p.m.r. spectra show only one quartet due to Mg-CH2-CH2 due to rapid 
exchange taking place. 
Reactions with diphenylamine are simpler, e.g. EtMgNPh2 i s insoluble 
i n hot toluene and i s presumed polymeric. This dissolves i n THF to give 
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the monomeric EtMgNPh2(THF)2. With di-isopropylmagnesium a bis-ether 
complex i s formed Pr^(Ph2N)Mg(OEt2)2 which dissociates i n toluene 
solution depositing the polymer, (Pr'SlgNPh-) , l i k e l y to contain both 
22 
nitrogen and a l k y l bridges. Diphenylamine w i l l also eliminate both 
ethyl groups from diethylmagnesium giving Mg(NPh2)2 which i s insoluble 
87 
i n ether but can be r e c r y s t a l l i s e d from THF. 
Di-isopropylamine reacts with di-isopropylmagnesium to form 
Pr^ MgNPr''"2 which i s dimeric i n benzene solution and must be formulated 
22 
with three co-ordinate magnesiim. 
Pr^2 Me2 
-N. CH 
Pr^ Mg^ \g Pr^ Pr^2N Mg'^  ,>Ig NPr^2 
Pr^2 ^^2 
2,14 2,15 
Structure (2,14) i s preferred as nitrogen bound to electropositive 
magnesium w i l l act as a strong electron donor and thus be a better 
bridging atom than carbon. 
Three-co-ordinate magnesim, and two possible structures as above, 
are found i n the dimeric aminomagnesium alkyls formed from (a) diethyl 
magnesium and 2,2,6,6-tetramethylpiperidine, and (b) diethylmagnesium 
and benzylideneaniline (2,15). The l a t t e r on hydrolysis yields the 
•33-
22 expected amine PhCHEt.NHPh. 
Et 
PhCH Ph 
N 
Et2Mg 
+ > Et Mg~ M^g Et 
PhCH=NPh 
Ph 'CHPh 
Et 
(2,16) 
Reaction between diethylmagnesium and phenyl cyanide gives a product, 
EtMgN:CPhEt, which i s extensively associated. 
87 
I s s l e i b and Deylig have studied the reactions of diethylmagnesium 
with various phenylphosphines. With an excess of diphenylphosphine the 
insoluble Mg(PPh2)2 i s formed which i s presumably poljmieric but can be 
re c r y s t a l l i s e d from THF as Mg(PPh2)2-^THF. In 1:1 molar proportions 
t h i s reaction gives c r y s t a l l i n e EtMgPPh2.0Et2 which may well be dimeric, 
but no molecular weight was reported. The ether can be removed on 
heating to 100°. 
Diethylmagnesitmi reacts with an equal amount of phenylphosphine to 
give EtMgPHPh from which the second ethyl group can be removed by heating: 
-34-
Et Mg + PhPH > (EtMgPHPh) > (MgPPh) 
^ n X 
An excess of phenylphosphine produces bisphenylphosphinomagnesium at 
25°. The chelating phosphine, P,P'diphenyl-l,3 diphosphinopropane, 
removes both ethyl groups from diethylmagnesiim to form a chelate 
compound which i s monomeric i n THF. Higher homologues of the diphosphine 
produce polymers. 
The f i r s t reported alkylmagnesivmi alkoxide was EtMgOEt prepared by 
the pyrolysis of diethylmagnesium containing some solvent ether, 
cleavage of solvent molecules forming EtMgOEt, which sublimes out of the 
88 89 reaction mixture, not MgC2H^  as f i r s t thought. Alkylmagnesium 
90 
alkoxides have been prepared by direct synthesis i n hydrocarbon solvents: 
2Bu'^ Cl + 2Mg + Pr^OH > Bu^MgOPr^ + MgCl2 + BU"H 
B u \ l + Mg + Pr^ONa * Bu^MgOPr^ -t- NaCl 
91 
The product i s trimeric i n benzene solution. The proposed structure, 
an Mg^ O^  r i n g contains three co-ordinate magnesium, and Mg-0 it-bonding 
i s proposed to account for the lack of acceptor properties for t h i s 
molecule. The reaction between magnesivmi dialkyls and alcohols has been 
47 
studied and Table 10 l i s t s some data on alkylmagnesium alkoxides 
prepared by t h i s and the other methods discussed ea r l i e r . 
The degree of association of alkylmagnesium alkoxides depends on 
the nature of the alkoxide group. I f there i s chain branching at the 
carbon a to oxygen then only tetramers (cryoscopically i n benzene) are 
o 
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formed. These compounds probably have a cubane structure similar to 
80 t 81 that of MeZnOMe and EtZnOBu . When no branching occurs at the 
carbon atom a to the oxygen atom then more associated species are 
formed, EtMgOEt i s too insoluble i n benzene for i t s molecular weight to 
be determined. These alkoxides are probably pol3mieric i n the solid 
state. Some of these alkoxides have been prepared by the addition of 
magnesium dia l k y l s to carbonyl compounds. 
Some alkyImagneslum alkoxides are tetramers i n diethylether 
solution, (EtMgOEt)^, (MeMgOBu*")^  and (EtNgOBu*")^, but two are dimers, 
47 
(EtMgOCMeEt2)2 and (EtMgOCEt^)2. A l l the alkoxyberyllium alkyls 
20 
studied are dimeric i n diethylether solution. 
The p.m.r. spectra of some of the alkoxides are interesting i n 
that i n some cases the resonances are s p l i t into doublets, but no 
47 
satisfactory explanation could be offered. 
93 
Alkylthiomagnesiim alkyls, (Table 11), disproportionate more 
readily than their zinc analogues. Some complexes have been prepared and 
are believed to contain sulphur bridges. Tetrameric ethyImagneslum t -
butylsulphide i s produced when ether free reagents are used. I t can be 
80 
formulated as,a Mg^ S^  cube as for methylzinc methoxide, other 
. 9 3 
structures require a formulation using three co-ordinate magnesiim. 
Di-t-butylmagnesium reacts with 2-dimethylaminoethanethiol to 
produce a dimer whose structure (2,17) i s shown below: 
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Me, 
H2C N. 
H2C S 
Bu 
,Mg 
Kg 
-CH. 
N CH. 
Me„ ' 
(2,17) 
The corresponding methylmagnesiim derivative i s tetrameric and three 
structures are possible, an eight numbered Mg^ S^  ring with each 
dimethylamino group being co-ordinated to magnesium. More l i k e l y are 
cubane structures, two of which are possible, (2,18) and (2,19) 93 
Me2NC2H^ S 
Me2NC2H^ S 
i/ MeMg<-
MgMe 
-^ MgMe 
SC2H^ NMe2 
SC2H^ NMe2 
^Mg^NMe2C2H^l 
SC2H^ NMe2 y^ feMe 
,SC2H^NMe2— 
MeMg 4 NMe2C2H^ S' / 
•MgMe 
(2,18) (2,19) 
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I n structure (2,18) the dimethylamino-groups would very l i k e l y be near 
a neighbouring magnesium atom, which would be ef f e c t i v e l y f i v e co-
93 
ordinate. (2,19) i s an alternative structure. An X-ray structural 
94 
investigation of thi s compound i s being undertaken. 
95 
Reactions of organocadmiimi compounds with acidic hydrogen. 
Table 12 l i s t s a series of compounds produced by reaction of 
dimethylcadmium with alcohols and t h i o l s . The alkylcadmium alkoxides 
are similar to those of zinc with one s t r i k i n g difference, viz. methyl-
cadmium t-butoxide i s dimeric. The reason for this i s somewhat obscure, 
entropy would favour dimers but i n a l l other cases tetramers are formed 
so t h i s cannot be the reason. Steric crowding would be more pronounced 
t 95 i n (MeZnOBu )^ than i n the corresponding cadmium tetramer. The 
83 
siloxy derivative, MeCdOSiMe^, i s tetrameric, t h i s compound i s an 
analogue of the t-butoxide but there i s less steric hindrance due to the 
greater size of the Si atom. The alkoxides do not form pyridine adducts 
but methylcadmium phenoxide forms a complex, [Me(py)CdOPh]2, which i s 
p a r t i a l l y dissociated i n benzene solution. 
Poljmieric products are obtained from Me2Cd and RSH unless R i s a 
branched chain group. Thus MeCdSPr""" i s hexameric, (2,20) and the more 
s t e r i c a l l y hindered MeCdSBu*" i s tetrameric. No stoichiometric 
pyridine adducts are formed. 
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Mercury 
Mercury dialkyl s do not react even with water or d i l u t e mineral 
acids and, therefore, undergo no reactions as described for the other 
elements of Group I I . Organomercury alkoxides can be prepared: 
RHgCl + NaOR' > RHgOR' + NaCl 
The products are trimeric. 
-39-
Anionic Complexes of the Group I I dialkyls 
A series of ether-free complexes of diethylberyllium, with the 
general formula MX(BeEt2)^, [M = a l k a l i metal; X = halide, CN; n = 1,2,4], 
t. 1- J 97,98,99,100 ^ ^ , ^ . . have been prepared. ' ' The tendency to complex formation i s 
Cs > Rb > K> Na and F > Cl: complexes with M = NR^  have also been 
prepared. The c r y s t a l l i n e salt KF(BeEt2)2 decomposes at 70° i n benzene 
and ether-free diethylberyllium can be d i s t i l l e d out. Heating 
KF(BeEt2)2 to 100-130° also affords ether-free diethylberyllium. I n 
97 
both cases insoluble KF.BeEt2 i s produced. This reaction appears to 
loo 
be f a i r l y general for these complexes. 
Complexes of beryllium d i a l k y l s with alkali-metal hydrides w i l l be 
discussed i n the section on hydrides of Group I I . Diphenylberyllium 
reacts exothermically with phenyl-lithiimi and the complex LiBePh^ can 
be c r y s t a l l i s e d . T h e complex NaBeEt^ has been described as a 
102 
catalyst for the dimerisation of propene. 
Study of the 'H and ^ L i magnetic resonance spectra of methyl-lithium 
and dimethylzinc has established complex formation. The e q u i l i b r i a 
involved are very l a b i l e and exchange of methyl groups takes place even 
at -107°.!°^ 
Phenyl-lithium forms complexes with Ph2Zn, Mg and Cd, LiMPh^ ^^ '^''"^ ^ 
and complexes containing a higher proportion of PhLi can also be 
isolated. 
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Organometal ha l i d e s of Group I I . 
The Grignard reagents are the best known examples of t h i s type of 
6 7 
compound and a considerable amount of in f o r m a t i o n on them i s a v a i l a b l e . ' 
I n c o n t r a s t the chemistry of the organoberyllium halides has scarcely 
been developed. Methylberyllivmi c h l o r i d e , prepared from dimethyIberyllium 
and dry hydrogen c h l o r i d e , i s a white s o l i d less v o l a t i l e than dimethyl-
59 
b e r y l l i u m and e v i d e n t l y h i g h l y polymerised. Other a l k y l b e r y l l i u m 
h a l i d e s have been prepared by heating an a l k y l h a l i d e w i t h b e r y l l i u m i n 
a tube.'''^^'^^^'^^^ The preparation of a l k y l b e r y l l i u m hydride d e r i v a t i v e s 
from R2Be, BeBr2 and 2LiH^^ i n f e r s the presence of RBeBr. Tracer 
s t u d i e s , using^ Be, show th a t r e d i s t r i b u t i o n does not take place between 
109 
di p h e n y l b e r y I l i u m and b e r y l l i u m bromide i n ether. R e d i s t r i b u t i o n 
does take place i n the Me2Be/BeBr2 system as shown by low temperature 
n.m.r. s t u d i e s , e b u l l i o s c o p i c molecular weight data and p r e c i p i t a t i o n 
of a 1:1 MeBeBr complex w i t h 1,4 dioxan.'''^^ 
Organozinc halides have been known f o r a considerable time, and 
e t h y l z i n c iodide was one of the e a r l i e s t known organometallic compounds. 
Organozinc ha l i d e s can be prepared by both the methods described above 
f o r b e r y l l i u m . The e t h y l z i n c halides (EtZnX) are i n t e r e s t i n g , when 
X = C l , Br the products are tetrameric i n benzene, and a cubane 
112 
s t r u c t u r e l i k e t h a t of methylzinc methoxide (2,10) has been proposed. 
I n c o n t r a s t , e t h y l z i n c iodide disproportionates i n benzene s o l u t i o n . I n 
the s o l i d s t a t e i t i s a co-o r d i n a t i o n poljmier and i t s s t r u c t u r e , as 
-41-
113 determined by X-ray methods, i s shown below, (2,21). 
105' 
Organocadmivim h a l i d e s have been prepared by the r e d i s t r i b u t i o n 
r e a c t i o n , no i n f o r m a t i o n i s a v a i l a b l e as to t h e i r s t r u c t u r e . 
Organomercury ha l i d e s are ex t e n s i v e l y discussed i n the l i t e r a t u r e 
and are reviewed by Coates and Wade (p.148-157). 
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Hydride Chemistry of Beryllium 
B e r y l l i u m hydride has been prepared by a v a r i e t y of methods and i n 
var y i n g degrees of p u r i t y . 
114 
Schlesinger and co-workers f i r s t reported i t s preparation from 
l i t h i u m aluminivrai hydride and di m e t h y l b e r y l l i u m , both i n d i e t h y l e t h e r 
s o l u t i o n . The product, a white, i n s o l u b l e , i n v o l a t i l e s o l i d , contained 
60 mole % of b e r y l l i u m hydride; the remainder was assumed to be ether. 
Later work has shown the product t o be contaminated w i t h l i t h i t i m and 
aluminium. •^'•^  P y r o l y s i s of d i - t e r t . - b u t y l b e r y l l i u m etherate gave an 
improved product; a f t e r p y r o l y s i s at 150° the product contained 89 mole % 
o 34 
b e r y l l i u m hydride and t h i s increased to 96 mole °L at 210 . Pyrolysis 
of ether f r e e d i - t e r t - b u t y l b e r y l l i u m r e s u l t s i n the formation of 
b e r y l l i u m hydride which i s 98 mole % pure.''"'''^  The purest b e r y l l i u m 
hydride reported so f a r has been made by a b s t r a c t i n g BH^ groups from 
b e r y l l i u m borohydride w i t h triphenylphosphine,''''''^ 
2Ph,P + BeCBHj, 150° i n xylene, or^ ^ 2Ph,PBH, 
^ ^ ^ 180° (sealed tube) ^ ^ ^ 
The product contains up to 99'5 mole % of b e r y l l i u m hydride, the 
remainder being triphenylphosphineborane. 
A surface r e a c t i o n takes place between b e r y l l i u m c h l o r i d e and 
l i t h i u m hydride has been observed^'''^ but i t was not possible to separate 
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the product from excess l i t h i u m hydride 
118 
115 Various other methods of 
11 s
pr e p a r a t i o n have been attempted. 
The p y r o l y s i s of d i - t e r t - b u t y l b e r y l l i u m and i t s etherate have been 
re-examined, the evolved gases being subjected to gas chromatographic 
a n a l y s i s . Small amounts of isobutane and ethane are produced as w e l l as 
isobutene and ether. A r e a c t i o n scheme i s proposed to account f o r t h i s 
119 
The p r o p e r t i e s of b e r y l l i t r a i hydride depend on i t s mode of formation. 
The purest b e r y l l i u m hydride prepared by pyrolysis'''^^ had a density of 
0*57 g/cc at -110°, and was only slowly attacked by water, the a d d i t i o n 
of a c i d being necessary to complete h y d r o l y s i s . I t decomposes from 200° 
to hydrogen and b e r y l l i u m . I n c o n t r a s t , b e r y l l i u m hydride prepared by 
precipitation''"''''^ decomposed q u i t e r a p i d l y at 125° and reacted vigorously 
w i t h water vapour at -196 
116 The i n f r a r e d - r e d spectra of b e r y l l i u m hydride and b e r y l l i u m 
120 
deuteride are shown below (3,1 ) : 
nujol 
• • aeRYUIUM HYDRIDE D£UT£RIDE •— 
ft f ' " \ from the borofiydrld* 
' ''--J 
4 43 5 6 7 8 9 1 0 11 12 13 14 1 5 1 6 17 1 8 1 9 2 0 2 1 
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The main f e a t u r e of the i n f r a r e d spectrum of b e r y l l i i m i hydride i s a 
r a t h e r broad ( w i d t h a t h a l f - h e i g h t 3 1 0 cm"''') peak centred on 1758 cm"'''. 
The deuteride has a broad absorption centred on 1340 cm"''' and w i t h a 
peak w i d t h a t h a l f - h e i g h t of 280 cm"''', the r a t i o v /v i s 1 •31.''''''^ ''''^ *^  
H D 
This compares w i t h values of 1*31-1'35 obtained f o r the s t r e t c h i n g 
121 
modes of b r i d g i n g hydrogen i n diborane and the methyldiboranes. The 
broad i n f r a r e d absorptions of the hydride and deuteride, which are 
amorphous by X-ray d i f f r a c t i o n , must involve a range of beryllium-hydrogen 
bond types. No absorptions were observed when the Raman spectrum of a 
122 
sample of b e r y l l i u m hydride was studied. 
123 126 
A l k a l i metal hydrides react w i t h b e r y l l i u m d i a l k y l s and d i a r y l s 
i n ether s o l u t i o n to give complexes of the type MBeR2H (M = Na; R = Me, 
Et, Pr'^, Bu''": M = L i ; R = Et, Ph). D i - t e r t . - b u t y l b e r y l l i u r a , however, 
reacts w i t h sodium hydride t o give the 1:2 compound Na(Bu''2Be)2H.0Et2.'''^^ 
Sodium h y d r i d o d i e t h y l b e r y l l a t e c r y s t a l l i s e s from ether w i t h one 
mo l e c u l e of ether per sodium atom, although the ether i s r e a d i l y removed 
at low pressures ( d i s s o c i a t i o n pressure 17 mm. a t 25°).'''^^ X-ray 
128 
d i f f r a c t i o n has shown the molecule t o have the s t r u c t u r e (3,2). 
The s t r u c t u r e shows the existence of Et,Be„Ho u n i t s w i t h the 
4 2 2 
b e r y l l i u m atoms l i n k e d by hydrogen bridges. 
Ethereal l i t h i u m h y d r i d o d i e t h y l b e r y l l a t e reacts w i t h a half-molar 
p r o p o r t i o n of b e r y l l i u m c h l o r i d e , p r e c i p i t a t i n g l i t h i u m c h l o r i d e and 
123 
g i v i n g a s o l u t i o n c o n t a i n i n g "Et^Be^E^". This type of r e a c t i o n has 
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/ 
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' V"—H / / 
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/ 
H 
124 
been f u l l y i n v e s t i g a t e d f o r other systems (M = Na; R = Me, E t ) . 
Evaporation of solvent from e t h e r e a l "Me^Be2H2" r e s u l t s i n the formation 
of an o i l y residue of approximate composition "Me^Be^H2.0Et2" which i s 
considered t o be some k i n d of e l e c t r o n d e f i c i e n t complex between 
d i m e t h y l b e r y l l i u m and methy l b e r y l l i u m hydride such as (3,3). I n t h i s 
system many species are l i k e l y t o be present i n mobile e q u i l i b r i u m . 
•46-
Et-0^ .H Me Me Me H Me 
' X y-"--.. y \ y \ . - \ X 
Be Be Be 'Be "B?' ~Be^  
Me'^ ' H ' ' 'Me' '"Me'' 'w' "H' 0Et2 
(3,3) 
A d d i t i o n of donor molecules t o "Me^Be2H2" causes them t o behave as 
mixtures of R2Be and "RBeH", thus a d d i t i o n of trimethylamine gives 
Me2Be.NMe^ and the complex RBeH.NMe^ which can be separated by 
124 
f r a c t i o n a l condensation. The hydride complex i s dimeric i n benzene 
s o l u t i o n ( c r y o s c o p i c a l l y ) and has a normal Trouton constant (from 
vapour pressure data t o 110°). Thus the molecules are dimeric i n the 
vapour phase also. The compound i s formulated (3,4) w i t h hydrogen 
124 
r a t h e r than methyl bridges as i t i s not decomposed by excess t r i m e t h y l -
amine which r e a d i l y depoljmierises d i m e t h y l b e r y l l i u m 
29 
Me^N ,Me 
^ B e ' ' "^-Be 
Me-^  H^-' ^NMe^ 
(3,4) 
Coates and Glockling f i r s t reported the preparation of organo-
b e r y l l i t m i hydrides i n 1954, P y r o l y s i s of d i - i s o p r o p y l b e r y l l i u m a t 200° 
r e s u l t s i n the e v o l u t i o n of propene and the formation of a glass. This 
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was formulated as polymeric i s o p r o p y l b e r y l l i i m i hydride. Pyrolysis of 
dimethylaminoisopropylberyllium r e s u l t s i n the formation of glassy 
dimethylaminoberyllium hydride. These products were not studied 
c 34 f u r t h e r . 
Evidence f o r the formation of m e t h y l b e r y l l i i m i hydride was obtained 
by the d i s s o l u t i o n of d i m e t h y l b e r y l l i u m i n a pentane s o l u t i o n of 
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dimethylaluminium hydride: 
Me2Be + Me2AlH ^ "MeBeH" + Me^Al 
The product was not obtained fre e of aluminiimi and was not studied i n 
d e t a i l . 
Alkyl-hydrogen, but not a l k y l - a l k y l , exchange takes place when 
t r i e t h y l s t a n n a n e i s heated w i t h R2Be (R = Me, Et) even i n the presence 
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of ether. 
Organoberyllium hydrides, as t h e i r trimethylamine complexes, have 
36 129 
been prepared by the f o l l o w i n g route (R = Et, Ph ): 
RBeCl + NaBEt^H > NaCl + EtBeBEt^H 
EtBeBEt^H + 2NMe^ ^ EtBeH.NMe^ + Et^B.NMe^ 
The simplest method of prepara t i o n of a l k y l b e r y l l i u m hydrides i s by 
r e f l u x i n g an ether e a l s o l u t i o n of a l k y l b e r y l l i u m bromide (R = Me, Et, Ph; 
from R2Be + BeBr2) w i t h l i t h i u m hydride: 
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Et^O 
R2Be + BeBr2 + 2LiH > 2RBeH + 2LiBr 
The ether i s evaporated under reduced pressure a f t e r the a d d i t i o n of 
benzene, p r e c i p i t a t i n g l i t h i u m bromide, and leaving a benzene s o l u t i o n 
of an ether complex of the a l k y l b e r y l l i u m h y d r i d e . T h e above methods 
( w i t h the exception of the p y r o l y s i s of d i - i s o p r o p y l b e r y l l i u m ) r e s u l t 
i n the formation of an a l k y l b e r y l l i u m hydride i n the presence of a 
donor s o l v e n t , t h a t cannot be removed completely even on prolonged 
pvimping. There are complications i n p y r o l y s i s procedures which w i l l be 
discussed l a t e r . 
S olutions of ether-solvated a l k y l b e r y l l i u m hydrides have been used 
to prepare c o - o r d i n a t i o n compounds. Monodentate ligands r e s u l t i n the 
formation of dimeric complexes, (RBeH.L)2, which are formulated as 
(3 , 4 ) . Attempts t o prepare monomeric complexes, L2Be(Me)H, by the use 
of c h e l a t i n g ligands were not successful. A d d i t i o n of N,N,N',N'-tetra-
methylethylenediamine to a s o l u t i o n of me t h y l b e r y l l i i m i hydride r e s u l t s 
i n the formation of a white p r e c i p i t a t e of c o n s t i t u t i o n , 
[(MeBeH)2Me2NC2H^NMe2]^, which i s i n s o l u b l e i n hydrocarbons, ether, 
carbon t e t r a c h l o r i d e , and carbon di s u l p h i d e . I t i s presvmied to be 
polymeric w i t h s t r u c t u r e ( 3 , 5 ) : 
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Me, /Me Me. .H .Me 
,^4 K .CH2 CH2, _Be' "Be^ 
Me? Me, Me^ Me. 
(3,5) 
A s i m i l a r product i s obtained w i t h 1,2-dimethoxyethane except t h a t 
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the product i s a viscous o i l . 
Attempts t o prepare a complex w i t h 2 , 2 ' - b i p y r i d y l were not 
successful, e v i d e n t l y the Be-H groups added across the azomethine bond.'''^^ 
A p y r i d i n e complex, (MepyBeH)2, can be formed i f the r e a c t i o n i s 
c a r r i e d out a t a low temperature and i f only one mole of p y r i d i n e per 
gram-atom of b e r y l l i u m i s added. A d d i t i o n of excess p y r i d i n e r e s u l t s i n 
the formation of an orange d i h y d r o p y r i d i n e , (C^HgN(Me)Bepy2), d e r i v a t i v e 
c o n t a i n i n g no b e r y l l i u m hydrogen b o n d s . C o - o r d i n a t i o n compounds of 
organoberyllium hydrides are l i s t e d i n Table 13. 
Some re a c t i o n s of a l k y l b e r y l l i u m hydrides w i t h azomethine and 
carbonyl groups have been mentioned e a r l i e r i n connection w i t h amino-
and a l k o x y - d e r i v a t i v e s of organoberyllium compounds. 
A l k y l b e r y l l i u m hydrides react w i t h alkenes under c e r t a i n c o n d i t i o n s . 
A process i n which b e r y l l i u m c h l o r i d e reacts w i t h t r i e t h y l a l i m i n i u m 
g i v i n g e t h y l b e r y l l i u m c h l o r i d e , which then reacts i n d i e t h y l ether w i t h 
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sodium hydride and ethylene at 65° ( 6 hr., 8 atm.) g i v i n g d i e t h y l -
b e r y l l i u m , has been described.''''^^ These reactions must have included 
a stage i n which ethylene adds t o e t h y l b e r y l l i u m hydride. B e l l and 
Coates have studied the rea c t i o n s of a series of alkenes w i t h organo-
b e r y l l i u m hydrides. 
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The hydroboronation of alkenes i s s t r o n g l y catalysed by ethers, ' 
but the a d d i t i o n of aluminium-hydrogen bonds across o l e f i n s i s retarded 
133 
by the use of ether as solvent. The l a t t e r observation being based on 
observations t h a t ethylene adds t o l i t h i u m aluminium hydride i n the 
absence of ether but not i n the presence of ether. Studies on the 
rea c t i o n s of dia l k y l a l i r a i i n i u m hydrides w i t h o l e f i n s have been reviewed 
133 
at l e n g t h . ' T r j - i s o b u t y l a l u m i n i t m reacts w i t h propene or ethylene 
d i s p l a c i n g isobutene, e f f e c t i v e l y a r e a c t i o n of di-isobutylaluminium 
hydride. The a f f i n i t i e s f o r the three types of alkenes are: 
> MeCH:CH2 > Me2C:CH2 (k^ ~ k2 ~ 40) 
Where k^ ^ and k2 are the e q u i l i b r i t m i constants f o r the displacement of 
the other o l e f i n . 1 , 2 - d i - s u b s t i t u t e d o l e f i n s add to alkenes about 100 
times more slowly than a - o l e f i n s . The e f f e c t of donor solvents on 
these r e a c t i o n s has not been reported. 
Sodium d i e t h y l b e r y l l i u m hydride reacts w i t h ethylene r e a d i l y i n 
the presence of ether, but only s l u g g i s h l y i n i t s a b s e n c e . T h i s i s a 
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marked c o n t r a s t to the case of l i t h i u m aluminium hydride mentioned 
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e a r l i e r . B e l l and Coates studied the reactions of pentenes and 
higher o l e f i n s w i t h e t h y l b e r y l l i u m hydride i n benzene s o l u t i o n 
c o n t a i n i n g some d i e t h y l ether using p.m.r. spectroscopy. Progress of 
the r e a c t i o n was studied by observing the decrease of the o l e f i n i c 
resonances. Table 14 l i s t s the h a l f l i v e s of some reactions. The 
r e s u l t s show t h a t the a d d i t i o n t o pent-l-ene takes place over 200 
times f a s t e r than t o pent-2-ene. No r e a c t i o n was observed w i t h 2-methyl-
but-2-ene. Bromination of the products showed t h a t the r e a c t i o n 
resembles hydroboronation both i n the r e l a t i v e amount of product i n 
.which the b e r y l l i i m i ( o r boron) i s i n the 1- or the 2-p o s i t i o n and i n 
the m i g r a t i o n of b e r y l l i u m t o the end of a carbon chain. 
B e r y l l i u m hydride d i d not react w i t h pent-l-ene a f t e r a week at 
84 , but r e a c t i o n was h a l f complete a f t e r 40 hr. at 84 when a trace of 
e t h y l b e r y l l i u m hydride had pr e v i o u s l y been added. 
B e r y l l i u m hydride reacts w i t h two moles of dimethylamine, on 
o 34 heating t o 160 f o r 10 h r . , forming bisdimethylaminoberyllium. 
Recently r e a c t i o n s have been c a r r i e d out between b e r y l l i u m hydride and 
one mol. of several secondary amines.'''"^^ No aminoberyllium hydride was 
obtained from dimethylamine, di-isopropylamine, or 2,2,6,6-tetramethyl-
p i p e r i d i n e . With dimethylamine a m a t e r i a l of approximate composition, 
HBe„(NMe-) was obtained. Reaction of b e r y l l i u m hydride w i t h 
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2-dimethylaminoethanol and 2-dimethylaminoethanethiol gave 
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[BeCOC^E^me^)^]^^ and [Be(SC2H^NMe2)2] 2> r e s p e c t i v e l y , which have been 
described. 
I n c o n t r a s t , a w e l l - d e f i n e d c r y s t a l l i n e product i s obtained from 
b e r y l l i u m hydride and N,N,N'-trimethylethylenediamine and i s t r i m e r i c 
i n benzene s o l u t i o n , [HBeN(Me)C2H^NMe2]^• The s t r u c t u r e (3,6) may 
e x i s t i n s o l u t i o n : 
CH„ CH„ 
2 I 2 
NMe NMe, 
H H 
CH2 Me2N. 
CH2 MeN-
iBe. Be 
H 
(3,6) 
.NMe CH. 
NMe^ CH2 
although more complex s t r u c t u r e s cannot be excluded. The compound 
sublimes unchanged and forms t r i c l i n i c c r y s t a l s . C r y s t a l l o g r a p h i c 
studies are i n progress, and show t h a t the compound has only two formula 
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u n i t s , HBeNMeC2H^NMe2, i n the u n i t c e l l . Hence the degree of 
as s o c i a t i o n i n the c r y s t a l must be d i f f e r e n t from t h a t i n benzene 
s o l u t i o n . 
The amino-hydride (3,6) reduces benzophenone and benzylideneaniline 
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i n toluene a t room temperature, but the intermediates were not i s o l a t e d . 
I t (3,6) d i d not r e a c t w i t h sodiimi or potassium hydride.''"^^ 
B e r y l l i u m hydride reacts w i t h benzophenone and benzylideneaniline 
i n t e t r a h y d r o f u r a n t o produce (Ph2CH0BeH)^g and (HBeNPhCH2Ph.THF) 
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r e s p e c t i v e l y . The l a t t e r i s somewhat dissociated i n benzene s o l u t i o n . 
The r e a c t i o n s of bisdimethylaminoberyllium w i t h some alkylaluminium 
hydrides, trimethylamine-alane and trimethylaluminium have been 
i n v e s t i g a t e d . Mixed berylliinn-aluminium complexes were formed but no 
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methyl-dimethylamino exchange was observed. 
Attempts t o prepare m e t h y l b e r y l l i i m by the sublimation of dimethyl-
b e r y l l i u m from "Me^Be2H2" were not successful. Extensive d i s p r o p o r t i o n -
a t i o n takes place i n the range 170-210° which continued u n t i l the 
hydride: methyl r a t i o was 10*4:1. At higher temperatures decomposition 
took place.•'•^^ Heating "Et^Be2H2" f o r 8 hours at 70-80° leaves a 
glassy residue of mainly e t h y l b e r y l l i u m hydride. I f a s o l u t i o n of 
sodium h y d r i d o d i e t h y l b e r y l l a t e i s prepared from excess sodium hydride 
and a h a l f molar p r o p o r t i o n of b e r y l l i u m c h l o r i d e i s added, then more 
sodium hydride dissolves and the s o l u t i o n contains a mixture of 
"Et^Be2H2" and NaBeEt2H. Py r o l y s i s of t h i s mixture at 180° leaves a 
residue of BeH2 ( 5 mol.) + Na2Be2Hg (3 mol.) or BeH2 (8 mol.) + 
Na2BeH^ ( 3 mol.). Further evidence f o r an ether i n s o l u b l e sodivmi 
b e r y l l i u m hydride was obtained by b o i l i n g ethereal s o l u t i o n s of 
"Et^Be^H2" w i t h excess sodium hydride. The Et:H r a t i o i n s o l u t i o n i s 
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always a t l e a s t 2:1, but NaEt2BeH can be i s o l a t e d from s o l u t i o n showing 
t h a t sodium hydride has dissolved and tha t hydride has l e f t s o l u t i o n as 
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b e r y l l i u m hydride or as a complex sodium s a l t . 
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The ether i n s o l u b l e hydride Na2BeH^ has been prepared: 
4NaEt2BeH + BeCl2 2NaCli + "Na2Be^EtgH^" 
180° 
"Na2Be^EtgH^" ^ 4Et2Be + Na2BeH^ 
Et h e r - i n s o l u b l e s a l t s of the type BeH2(LiH)^ have been reported i n a 
p r e l i m i n a r y communication.''''''^ 
L i t h i t m i b e r y l l i u m hydride, Li2BeH^, has been prepared from l i t h i i m i 
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d i e t h y l b e r y l l i t m i hydride using the above r e a c t i o n scheme. 
Unlike b e r y l l i u m h y d r i d e , both Na2BeH^ and Li2BeH^ give X-ray 
d i f f r a c t i o n p a t t e r n s , none of the l i n e s c h a r a c t e r i s t i c of sodium 
hydride being present. Attempts t o prepare MBeH^ (M = L i , Na) r e s u l t e d 
i n the formation of a mixture of BeH2 and M2BeH^ since t h e i r X-ray 
powder p a t t e r n s contain ( w i t h the exception of one weak l i n e i n each 
138 
case) only the l i n e s due to M2BeH^. 
M2BeH^ (M = L i , Na) are regarded as e l e c t r o n - d e f i c i e n t polymers 
w i t h s t r o n g l y p o l a r i s e d metal-hydrogen bonds, r a t h e r than as s a l t s 
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analogous to MBH^ . ' They are somewhat more r e a c t i v e than 
b e r y l l i u m hydride prepared by the p y r o l y s i s of d i - t - b u t y l b e r y l l i u m . 
Sodium b e r y l l i u m hydride dissolves i n methanol below room temperature 
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to form NaBe(OMe)2(MeOH). An i d e n t i c a l product i s obtained by 
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d i s s o l v i n g b e r y l l i u m i n methanolic sodium methoxide. 
The p y r o l y s i s of sodium d i - i s o b u t y l b e r y l l i u m hydride has been 
c a r r i e d out, aimed at the preparation of NaBeH^. Products of the type 
Na^ , BeH have been obtained, and d i - i s o b u t y l b e r y l l i u m d i s t i l s 
out of the p y r o l y s i s vessel. X-Ray powder photographs of the product 
are independent of x and c h a r a c t e r i s t i c only of Na2BeH^. The r e a c t i o n 
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i s b e l i e v e d t o take the course: 
NaBu^22^H ^ [NaBu^BeH2] + C^Hg 
1 ^ 1 i 2Na2BeH^ + ^Bu 2Be 
Evidence f o r exchange was obtained when di-isobutylaluminium hydride 
was heated w i t h m e t h y l b e r y l l i u m t-butoxide i n toluene, but no simple 
product was i s o l a b l e . The r e a c t i o n between b e r y l l i u m d i - t - b u t o x i d e and 
two mols. of di-iso b u t y l a l u m i n i u m hydride was studied by p.m.r. 
spectroscopy. A f t e r 3 hours a t 70-80° the deposition of some glassy 
m a t e r i a l was observed and the p.m.r. spectrum showed th a t a l l the t -
bu t o x y b e r y l l i i r a i groups had disappeared from s o l u t i o n . The p.m.r. 
spectrum being i d e n t i c a l w i t h t h a t of di - i s o b u t y l a l i m i i n i u m t-butoxide. 
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A product approximating to a butoxyberyllium hydride was obtained. 
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B e l l and Coates have studied exchange reactions between a series 
• 56-
139 
of b e r y l l i u m compounds and sodium triethylalxraiinium hydride, w i t h 
the p r e c i p i t a t i o n of a series of a l k a l i metal b e r y l l i u m hydrides. The 
r e s u l t s are summarised i n Table 15. X-Ray powder d i f f r a c t i o n studies 
showed the presence of Na2BeH^ i n the p r e c i p i t a t e s and they appear to 
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be mixtures w i t h BeH^ together w i t h some other m a t e r i a l . 
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Hydride Chemistry of Magnesium 
Magnesium hydride has been prepared by various methods i n varying 
degrees of p u r i t y . I t was f i r s t prepared by the p y r o l y s i s of d i e t h y l -
magnesium,^^^ which loses ethylene a t 170° and by the p y r o l y s i s of 
ethylmagnesium iodide a t 175°. These reactions have been i n v e s t i g a t e d 
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i n d e t a i l . ' ' » I t found that some other r e a c t i o n was 
ta k i n g place during the p y r o l y s i s and a white c r y s t a l l i n e s o l i d 
89 
sublimed out of the r e a c t i o n vessel. This was given the formula 
MgC2H^ and thought t o be a polymer of the type (Mg-CH2-CH2-Mg-CH2-CH2-
I t was l a t e r shown t o be ethylmagnesium ethoxide produced by cleavage 
88 
of the ether present. 
The prepara t i o n of hydrohalides of magnesium (HMgX.nEt20, n 1) 
by the hydrogenation of ethylmagnesium halides a t 100-150° has been 
reported. 
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The pr e p a r a t i o n of HMgX(THF)2 has been reported as a c r y s t a l l i n e 
s o l i d by bubbling dirborane i n t o a Grignard s o l u t i o n i n THF or ether, 
i n e i t h e r case the d i e t h e r a t e was obtained. These have now been shown 
146 
to be halomagnesium borohydrides: 
THF or Et.O 
3EtMgCl + iB^n^ > 3ClMgBH^L2 + Et^B (L = THF or 0Et2) 
The products are dimeric i n benzene s o l u t i o n . 
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Reaction between magnesium d i a l k y l s and diborane can, under 
c e r t a i n circumstances, produce magnesium hydride. The complex r e a c t i o n 
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scheme has been i n v e s t i g a t e d by Bauer. ' 
Magnesium hydride, of about 75% p u r i t y , can be obtained by the 
a d d i t i o n of an ether s o l u t i o n of l i t h i u m aluminium hydride t o a large 
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excess of diethylmagnesiim. The r e a c t i o n i s complex i f other 
r a t i o s are used. Exchange occurs between diethylmagnesium and d i e t h y l -
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aluminium h y d r i d e , g i v i n g magnesiim hydride and t r i e t h y l a l u m i n i t m i . 
I n absence of solve n t , magnesitmi hydride 97% pure was obtained. 
Magnesium reacts d i r e c t l y w i t h hydrogen at high temperature and 
5 118 
pressure. A v a r i e t y of condi t i o n s and c a t a l y s t s have been described. ' 
Hydrogen also reacts d i r e c t l y , under pressure, w i t h an ethereal s o l u t i o n 
of a Grignard reagent:'''^^ 
2RMgX + 2H2 > 2RH + MgH2 + MgX2 
The s t r u c t u r e of magnesivmi hydride has been shown by X-ray 
d i f f r a c t i o n t o be of the r u t i l e (Ti02) type w i t h an Mg-H distance of 
o 143 151 152 1*95A. ' A neutron d i f f r a c t i o n study has also been c a r r i e d out. 
The i n f r a r e d spectrum contains a very broad band from 900-1600 cm 
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w i t h a maximvmi at 1160 cm . The v i b r a t i o n i s thought to be due to 
the valence v i b r a t i o n s of the Mg-H bond. Structure (3,7) i s assigned 
to MgH2: 
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H H H-
/ ^ . / 
Mg Mg Mg 
H' H' H' H' 
(3,7) 
An i o n i c s t r u c t u r e cannot be r u l e d out and the act u a l s t r u c t u r e 
probably l i e s between the two s t r u c t u r e s . 
The p r o p e r t i e s of magnesium hydride depend upon the method of 
pr e p a r a t i o n , due to a combination of p u r i t y and p a r t i c l e size. The 
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r e a c t i o n between magnesium hydride and ethylene gave a product 
c o n t a i n i n g only 4% Mg-Et and traces of higher magnesium a l k y l bonds. 
"EtMgH" was not observed. Ethoxjmiagnesivmi hydride has been prepared 
by bubbling s i l a n e i n t o an ethereal s o l u t i o n of diethylmagnesium. The 
suggested r e a c t i o n i s : 
xR2Mg + SiH^ ^ xRMgH + SiH^^_^^R^ 
RMgH + Et20 ?'HMgOC2H^  + C^ H^ ^ 
Ethoxymagnesium hydride i s an i n s o l u b l e solid.'''^^''''^^ 
No a l k a l i - m e t a l dialkylmagnesium hydride analogous, f o r example, 
t o NaEt2BeH r e s u l t e d from diethylmagnesium and l i t h i i m , sodium, or 
potassium hydride. Solvents used were d i e t h y l ether, t e t r a h y d r o f u r a n . 
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and 1,2-dimethoxyethane.'''^^ L i t h i u m hydride d i d not react w i t h e t h y l -
magnesium bromide on heating to 90°. Potassium hydride, i n c o n t r a s t , 
reacts slowly i n d i e t h y l ether and analysis i s consistent w i t h the 
157 
r e a c t i o n : 
2EtMgBr + 2KH > 2KBr + MgH2 + Et2Mg 
A complex, LiBu"Me2Mg.0Et2, i s formed from n - b u t y l - l i t h i u m and 
dimethyImagnesium i n d i e t h y l ether. On p y r o l y s i s of the complex (16 hr. 
at 160°) a mixture of LiH and Me2Mg i s obtained. 
Exchange reactions between sodium t r i a l k y l b o r o h y d r i d e s and some 
alk y Imagnesium compounds r e s u l t i n the p r e c i p i t a t i o n of magnesium 
hydride, c o n t a i n i n g occluded a l k y l groups.'''^^ 
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Hydride Chemistry of Zinc, Cadmitmi and Mercury 
Zinc and cadmitm hydrides can be prepared by the r e a c t i o n of the 
114 
r e s p e c t i v e d i a l k y l s w i t h l i t h i u m aluminium hydride at low temperature. 
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I n the case of zinc, zinc iodide may be used. A l a t e r study of the 
zinc i o d i d e r e a c t i o n w i t h l i t h i u m alimiinitmi hydride, by conductimetric 
t i t r a t i o n , showed two d i s c o n t i n u i t i e s i n the t i t r a t i o n curve at 
Znl2:LiAlH^ r a t i o s of 1:4 and 1:2. The c o n d u c t i v i t y rose towards the 
f i r s t p o i n t and f e l l towards the second, leading to the i n t e r p r e t a t i o n : 
4LiAlH^ + Znl2 > Li2[Zn(AlH^)^] 
+ Znl2 
2Zn(AlH^)2 + 2 L i I 
ZnH2 + lAlR^ ( i n soln.) 
The c o n d u c t i v i t y curve showed the formation of other complexes. 
Zinc and cadmium hydrides are white, i n v o l a t i l e , i n s o l u b l e 
m a t e r i a l s which decompose at normal temperatures, zinc hydride slowly 
and cadmium hydride r a p i d l y at 0°, g i v i n g hydrogen and the metals.'''^^ 
Alkyl-hydrogen exchange takes place between d i e t h y l z i n c and 
diethylcadmium w i t h diethylaluminium hydride but no metal hydrides were 
i s o l a t e d . 
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Evidence f o r the existence of methylzinc hydride was reported i n 
the observation t h a t zinc hydride dissolves i n ether containing a large 
excess of dimethylzinc.''"^^ Attempts t o repeat t h i s r e a c t i o n and t o 
prepare methylzinc hydride by r e a c t i o n of dimethylzinc trimethylamine 
w i t h l i t h i u m aluminiimi hydride, and of dimethylzinc w i t h t r i e t h y l -
9 
stannane f a i l e d . 
Diborane reacts w i t h dimethylzinc forming methylzinc borohydride 
and zinc hydride,^ not (HZnBH, ) as prev i o u s l y reported.''"^'^ Methyl-
9 
zinc borohydride i s a v o l a t i l e c r y s t a l l i n e s o l i d . 
2Me„Zn + B„H, > MeZnBH, + ZnH_ + Me,B 
l i b q- Z 3 
Zinc hydride reacts w i t h N,N,N'-trimethylethylenediamine to form 
HZnNMeC2H^NMe2, a c r y s t a l l i n e complex which i s dimeric i n benzene 
135 
s o l u t i o n . The c r y s t a l s t r u c t u r e (3,8) has been examined by X-ray 
d i f f r a c t i o n : 
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Anionic hydride complexes of zinc are known. L i t h i u m hydride 
dissolves i n an etherea l s o l u t i o n of d i e t h y l z i n c and the complex 
162 
LiZnPh2H(OEt2) can be c r y s t a l l i s e d . Sodium hydride adds two mols. 
of d i e t h y l z i n c i n monogljmie or diglyme, g i v i n g Na(Et2Zn)2H which 
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decomposes when attempts are made to i s o l a t e i t . 
Attempts t o prepare mercury hydride by a l k y l - h y d r i d e exchange 
f a i l e d even a t -80°, only mercury and hydrogen being produced.^'''^ The 
formation of HgH2 was reported by Wiberg and Henle^^^ at -135°, i t 
decomposed above -90°.^"^^ 
Diethylaluminium hydride and diethylmercury react i n the absence of 
solvent forming mercury, hydrogen and ethane. The presence of ethane 
149 
i s taken t o i n d i c a t e the t r a n s i t o r y formation of ethylmercury hydride: 
Et2Hg + H2 + Hg 
Et2Hg + Et2AlH » Et^Al + [EtHgH] ^ Rg + EtH 
Et2AlH 
» Et^Al + [HgH2] 
Hg + H2 
Trimethylamine-alane reacts w i t h organomercury compounds: 
I R2Hg + Me^N.AlH^ > 2Hg + 2EtH + 2Et2Be.NMe2 
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The formation of m e t a l l i c mercury and hydrogen was believed to a r i s e 
from the decomposition of the unstable m e r c u r y ( l l ) hydride or from the 
164 
d i s p r o p o r t i o n a t i o n of "RHgH" g i v i n g R2Hg, mercury and hydrogen. 
The r e a c t i o n of e t h y l b e r y l l i t m i hydride trimethylamine complex w i t h 
diethylmercury i n the absence of solvent r e s u l t e d i n q u a n t i t a t i v e 
129 
e v o l u t i o n of ethane: 
(EtBeHNMe2)2 + 2Et2Hg > 2Hg + 2EtH + 2Et2Be.NMe^ 
No hydrogen was formed i n the r e a c t i o n and there i s no evidence f o r the 
formation of mercury hydride intermediates. 
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Spectroscopic Studies on Organic and Hydride Derivatives of Group I I 
The v i b r a t i o n a l spectra of the dim e t h y l - d e r i v a t i v e s of beryllium,'''^^ 
, 14 , . 15,16 ^ 14 ^  ^ . . . . . . . 
z i n c , cadmium, and mercury have been i n v e s t i g a t e d m d e t a i l 
and the observed frequencies assigned. 
S o l i d d i m e t h y l b e r y l l i u m was shown t o have D2j^ symmetry w i t h s i x 
i n f r a r e d a c t i v e and s i x Raman a c t i v e fundamental v i b r a t i o n s . The 
assignments of the observed frequencies are l i s t e d i n Table 16. A 
value of 0*84 x 10^ djmes cm was obtained f o r the Be-C ( b r i d g i n g ) 
. . 165 for c e constant. 
Dimethylzinc, cadmium and mercury are monomeric l i q u i d s at room 
temperature. The v i b r a t i o n a l assignments of these, i n terms of 
S3mimetry are l i s t e d i n Table 17. The force constants f o r the M-C bonds 
(M = Zn, Cd, Hg) are 2*39, 2*05, and 2*45 x 10^ dynes cm"''' re s p e c t i v e l y . 
I n f r a r e d spectra of di m e t h y l b e r y l l i u m have been recorded i n the vapour 
8 
phase. The unsaturated vapour of dimethyl b e r y l l i u m consists mainly of 
monomeric Me2Be.'''^ ^ As expected a very simple i n f r a r e d spectrum was 
observed c o n s i s t e n t w i t h a l i n e a r C-Be-C skeleton. The molecule may be 
reasonably assumed to have D^ ^^  symmetry as f o r dimethylzinc, cadmium, 
and mercury. The saturated vapour contains dimeric and t r i m e r i c 
Me2Be species j"*"^^ and as expected the i n f r a r e d spectrum i s considerably 
more complex.^ 
The v i b r a t i o n a l spectrum of di c y c l o p e n t a d i e n y l b e r y l l i u m has been 
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examined.'''^^ The s t r u c t u r e ( i n the vapour phase) found by an electron-
168 
d i f f r a c t i o n study i s confirmed both i n the s o l i d phase and i n 
s o l u t i o n . I t has a sandwich type s t r u c t u r e w i t h an asymmetrically 
p o s i t i o n e d b e r y l l i u m atom. 
F u l l v i b r a t i o n a l analyses have not been reported f o r magnesium 
d i a l k y l s . Absorptions due to v(Mg-C) have been observed i n the region 
500-535 cm •'' f o r Me2Mg, Et2Mg, and some methyl and e t h y l Grignard 
reagents i n ether and tet r a h y d r o f u r a n . The corresponding absorptions 
f o r phenylmagnesium compounds are between 365 and 383 cm ^ .^^^ 
Coates and Ridley have assigned v(Zn-C), p(Zn-C), and 5^^(Zn-C) 
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f o r a s e r i e s of methyl- and e t h y l - z i n c d e r i v a t i v e s . 
The presence of the BeH2Be bridge i n sodium h y d r i d o d i e t h y l b e r y l l a t e 
128 
etherate was shown by X-ray d i f f r a c t i o n . I n f r a r e d absorptions due 
to t h i s , and the deuterated analogue, have been studied i n some detail.^^"^''''''^ 
The v i b r a t i o n a l modes of the BeH2Be bridge are analogous to the 
v r i b r a t i o n a l modes of the BH2B bridge i n diborane which are numbered 
(s3nnmetric, out of phase) and v^^ (asymmetric, i n phase): 
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—> 
13 17 
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Table 18 l i s t s the assignments of v i b r a t i o n a l frequencies f o r the 
BeH2Be bridge. 
Comparison of the spectra of methylberyllium- and methyl[^H^] 
beryllium-compounds has enabled absorptions due to Be-CH^ sjmraietric 
deformations to be i d e n t i f i e d i n the region 1186-1206 cm"'''. Beryllium 
methyl s t r e t c h i n g v i b r a t i o n s are not c l e a r l y i d e n t i f i e d , but appear to 
be i n the rainge 700-900 cm"'''.'''^^ 
The only reported example of termi n a l Be-H absorption i s i n the 
vapour phase i n f r a r e d spectrum of MeBeH.NMe^ a t 80°.'''^ ^ Vapour 
pressure measurements i n d i c a t e the presence of monomer and a sharp 
absorption was observed a t 2141 cm"'''. Emission e l e c t r o n i c spectra 
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i n d i c a t e t h a t a termi n a l Be-H should absorb near 2100 cm . A 
s i m i l a r conclusion may be drawn from consideration of v(X-H) f o r the 
d e r i v a t i v e s of the f i r s t short period. 
The p.m.r. spectra of some a l k y l b e r y l l i u m hydride co-ordination 
complexes have been recorded. The absorption due t o the BeH2Be bridge 
173 
have only been observed i n three cases, data are given i n Table 13. 
The f a i l u r e t o observe t h i s resonance i n a l l cases may be a t t r i b u t e d 
t o an unfavourable r e l a x a t i o n time f o r the b r i d g i n g protons on account 
of t h e i r p r o x i m i t y to the b e r y l l i u m n u c l e i , which have a quadruple 
moment ( l = 3/2) and are i n an unsymmetrical e l e c t r i c environment. 
The trimethylamine resonance of (MeBeH.NMe^)2 i s p a r t i a l l y s p l i t 
a t 25° and t h i s has been i n t e r p r e t e d as a r i s i n g from the presence of 
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c i s - and trans-isomers ( 4 , 1 ) : 
Me Me 
Be' 
H. 
Me^N NMe„ 
Me^N 
Me 
,H, 
Be:'' '^ Be 
Me 
NMe„ 
ci s - trans-
(4,1) 
This was confirmed by recording the spectrum over a range of temperature. 
The observed spectra are shown i n (4 , 2 ) . 
(Me^NBeMeHJs in CyDg 
Effect of temperature on CH3N resonance 
•51' -21" 14' 25" 40' 100' 
cis —*• trans 
b a 
AH ' *31 kcal.mole'^ .^JS->— 
AS ' *13 e.u. 
TMS 
—^—4^ 
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The changes i n enthalpy and entropy f o r the c i s - t r a n s interconversion 
were found t o be m = 3*1 + 0*2 kcal.mole"''' and AS = 13 + 2 cal.deg."''' 
mole ^. I n t e r a c t i o n s w i t h solvent molecules would be less f o r the 
trans isomer ( d i p o l e moment zero) and the r e f o r e AS f o r the process 
c i s ^ trans should be p o s i t i v e . Therefore the c i s isomer i s the 
173 
one more st a b l e at low temperatures. 
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Apparatus and Techniques 
The m a j o r i t y of compounds studied were s e n s i t i v e to both oxygen 
and moisture and ther e f o r e the work was c a r r i e d out i n an atmosphere 
of dry, oxygen-free n i t r o g e n . 
Nitrogen - B.O.C. 'White Spot' q u a l i t y was p u r i f i e d by passing 
through copper needles a t 400° t o remove oxygen and through two traps 
cooled i n l i q u i d n i t r o g e n to remove the f i n a l traces of water. 
Manipulations t h a t could not be c a r r i e d out under n i t r o g e n on 
the bench, e.g. making up of samples f o r i n f r a r e d spectroscopy, were 
c a r r i e d out i n a n i t r o g e n f i l l e d glove box. The glove box was f i t t e d 
w i t h a c i r c u l a t o r y pump and when not i n use the ni t r o g e n was recycled 
through a p u r i f y i n g system as used f o r the bench supply. When 
necessary the oxidised copper was regenerated by passing a stream of 
hydrogen through the column at 120°. A l l connections were made using 
5/16 inch copper tubing and f l e x i b l e j o i n t s w i t h b u t y l rubber tubing 
t o minimise p e r m e a b i l i t y t o oxygen. The gloves (supplied by The 
Charleston Rubber Co.) were also of b u t y l rubber f o r the same reason. 
A glove box using a room temperature p u r i f i c a t i o n system was 
used i n l a t e r work. Oxygen was removed by passing through a column 
of manganous oxide supported on v e r m i c u l i t e and water and organic 
vapours by passing through molecular sieves (4A and 13X r e s p e c t i v e l y ) . 
Regeneration of the oxygen scrubber was by passing hydrogen through at 
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350°. The molecular sieves were regenerated by pumping at 200°. These 
operations were c a r r i e d out every three or four days and by having 
p a r a l l e l columns the box was cons t a n t l y i n operation. R e c i r c u l a t i o n 
was c a r r i e d out at the r a t e of 1*5 c.f.m. Oxygen contents of ^ 1 p.p.m. 
were e a s i l y obtainable compared w i t h ~ 50 p.p.m. on the o r i g i n a l system. 
A conventional vaccum l i n e was used i n t h i s work - a general view 
i s shown i n (5 , 1 ) . The l i n e consisted of three main sections ( i ) a 
f r a c t i o n a t i o n t r a i n of three 'U' traps connected by mercury f l o a t valves 
and also connected i n d i v i d u a l l y to the main l i n e , ( i i ) A gas measuring 
system c o n s i s t i n g of a Topler pump f o r measuring gases which could not 
be condensed by l i q u i d n i t r o g e n and a c a l i b r a t e d bulb system connected 
t o a manometer. A gas i n f r a r e d c e l l could be attached t o the Topler 
pump and i f necessary a combustion bulb f o r analysing mixtures of methane 
and hydrogen. ( i i i ) A storage system c o n s i s t i n g of three tubes w i t h a 
capa c i t y of ca. 50 ml. and two 3 1. bulbs equipped w i t h cold f i n g e r s and 
manometers f o r s t o r i n g gases. 
C a l i b r a t i o n of the Measurement Systems 
Small bulb of the Topler pump 11*52 c.c. 
Combined bulbs of the Topler pump 151*8 c.c. 
Volume of small standard bulb 505*6 c.c. 
Volume of combined standard bulbs 4613 c.c. 
I n t e r n a l diameter of manometer tube 1*0 cm. 
For 1 cm. drop i n manometer l e v e l - l e v e l of r e s e r v o i r 
increases by 0*0298 cm. 
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L 
(5,1) 
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Analyses 
Gas Analyses 
A weighed amount of the sample ( o r a known volume i n the case of 
a s o l u t i o n ) was attached t o the vacuum system. The sample was cooled 
t o l i q u i d n i t r o g e n temperature and 'degassed' 2-methoxyethanol was 
run on t o the sample. . The mixture was allowed t o warm up slowly and 
h y d r o l y s i s was completed by the a d d i t i o n of 2N sulphuric acid. Certain 
compounds were v i o l e n t l y hydrolysed by 2-methoxyethanol and carbon 
formation was observed w i t h a consequent reduction i n the amount of 
hydrocarbon formed. I n such cases the h y d r o l y s i s was repeated a f t e r 
the a d d i t i o n of a d i l u e n t to another sample. A f t e r f r a c t i o n a t i o n and 
measurement, gases were i d e n t i f i e d by t h e i r i . r . spectra. A l l gas 
voliraies are corrected t o N.T.P. and are r e f e r r e d t o as N.c.c.'s. 
B e r y l l i u m Analyses 
The s o l u t i o n from h y d r o l y s i s was made up to a standard volume and 
a l i q u o t s taken to contain 3-5 mg. b e r y l l i t m i and t i t r a t e d by the 
f o l l o w i n g procedure. To each a l i q u o t was added 5 ml. of 0*5M potassium 
sodium t a r t r a t e and 2 drops of 1% bromothjmiol blue ( i n 50:50 ethanol 
and water) and the s o l u t i o n made a l k a l i n e by a d d i t i o n of 0*5N sodium 
hydroxide u n t i l a blue colour p e r s i s t e d . The s o l u t i o n was then made 
n e u t r a l by the a d d i t i o n of 0*1N sulphuric acid (green). The t a r t r a t e 
i s added t o complex the b e r y l l i u m and avoid the p r e c i p i t a t i o n of 
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Be(0H)2. The complex i s then destroyed by adding 5 ml. of IM potassium 
f l u o r i d e s o l u t i o n which l i b e r a t e s hydroxide i o n : 
2 
complexed Be(0H)2 + 4F > BeF^ " + 20H" 
causing the s o l u t i o n to become a l k a l i n e ( b l u e ) . A f t e r two minutes the 
s o l u t i o n i s t i t r a t e d w i t h 0*lN sulphuric acid back to the green end-
p o i n t p r e v i o u s l y obtained. The r e a c t i o n i s non-stoichiometric and 
r e q u i r e s c a l i b r a t i o n w i t h standard b e r y l l i u m s o l u t i o n s each time new 
s o l u t i o n s are prepared. 
The presence of bases or a large concentration of ions i s not 
d e s i r a b l e due to ' d r i f t i n g ' of the end-point. A f t e r h y d r o l y s i s w i t h 
2-methoxyethanol, s o l u t i o n s containing amines and ethers were pimped 
to remove base before completing the h y d r o l y s i s w i t h 2N sulphuric acid. 
Consequently vAien both amine and b e r y l l i u m analyses were required a 
separate sample had to be taken f o r the l a t t e r . Beryllium analyses 
could not be undertaken on s o l u t i o n s t h a t had been used f o r amine 
an a l y s i s as d r i f t i n g of the end p o i n t occurred. This i s probably due 
to the l a r g e concentration of sodium... sulphate i n the s o l u t i o n . 
Zinc Analyses 
The s o l u t i o n remaining on h y d r o l y s i s was evaporated almost to 
dryness and concentrated n i t r i c a c i d added to destroy any organic matter. 
The s o l u t i o n was evaporated almost t o dryness and the procedure repeated 
u n t i l no carbonaceous matter remained. The r e s u l t i n g white s o l i d was 
di s s o l v e d i n the minimum amount of d i l u t e sulphuric acid and made up to 
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a known volume i n a standard f l a s k . An a l i q u o t of t h i s s o l u t i o n was 
t i t r a t e d w i t h 0*5N sodium hydroxide using B.D.H. '4*5' i n d i c a t o r to 
a grey end-point. A f u r t h e r a l i q u o t was taken and the determined 
amount of 0*5N soditmi hydroxide added. The s o l u t i o n was then buffered 
t o pH 5-6 by adding hexamethylenetetramine, and then t i t r a t e d w i t h 
0*005M 'EDTA' s o l u t i o n . The i n d i c a t o r used was xy l e n o l orange (0*2% 
i n water) and the end p o i n t i s a sharp change from red to pale yellow. 
Amine Analyses 
The a c i d s o l u t i o n from h y d r o l y s i s was made a l k a l i n e w i t h strong 
sodium hydroxide s o l u t i o n and the amine steam d i s t i l l e d i n t o excess 
standard a c i d . The excess ac i d was t i t r a t e d w i t h standard a l k a l i . 
Carbon and Hydrogen Analyses 
Analyses f o r these elements were c a r r i e d out by members of the 
a n a l y t i c a l s t a f f of these l a b o r a t o r i e s . Very few compounds were stable 
enough f o r the combustion analysis procedure and repeatable r e s u l t s 
were only obtained when a metal-carbon bond was not present, e.g. 
b i s _t-butoxyzinc. 
Analyses of Li t h i u m A l k y l s 
Solutions of l i t h i u m a l k y l s i n hexane ( P f i z e r Ltd.) were analysed 
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by the method of Watson and Eastham f o r a l k y l content and f o r t o t a l 
a l k a l i by s y r i n g i n g a sample i n t o excess standard acid and t i t r a t i n g 
the excess w i t h standard a l k a l i . I n t h i s way the presence of alkoxide 
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i n the l i t h i t m i a l k y l s o l u t i o n could be detected. The method of Watson 
and Eastham involves t i t r a t i n g the l i t h i u m a l k y l w i t h a IM s o l u t i o n of 
sea-butanol i n xylene using 1,10-phenanthroline as i n d i c a t o r - the 
colour change being from y e l l o w green to colourless. 
Halogen Analyses 
Chloride and bromide i n acid s o l u t i o n were determined p o t e n t i o -
m e t r i c a l l y . The t i t r a t i o n c e l l i s shown i n (5,2) . 
(5,2) 
Samples c o n t a i n i n g between 0*05 and O'l mmoles were t i t r a t e d against 
O'OIN s i l v e r n i t r a t e s o l u t i o n . Chloride samples were d i l u t e d w i t h 50 ml. 
of pure acetone and t i t r a t e d using an Ag/AgCl electrode. Bromide samples 
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were t i t r a t e d using an unplated electrode and i n the minimum volume of 
s o l u t i o n . When the end-point had been determined approximately a 
f u r t h e r sample was taken and t i t r a t e d under high s e n s i t i v i t y from 0*1 
c.c. before the end-point and the end-point determined by p l o t t i n g 
V + /2 (where V = voltmie of s i l v e r n i t r a t e added) against AE 
( m i l l i v o l t s ) observed on the E.I.L. pH meter used. The end-point i s 
u s u a l l y obvious without having to p l o t i t out. 
Molecular Weights 
Molecular weights were determined c r y o s c o p i c a l l y i n benzene s o l u t i o n 
where s o l u b i l i t y permitted. 'Analar' benzene was d r i e d over sodivmi 
wire and the cryoscopic constant determined by c a l i b r a t i o n using f r e s h l y 
sublimed diphenyl as standard. A l l molecular weight determinations were 
c a r r i e d out under a s t a t i c n i t r o g e n atmosphere. 
Molecular weights of c e r t a i n compounds were measured e b u l l i o s c o p i c a l l y 
i n ether. Ensuring t h a t the apparatus was dryvas not easy and the 
f o l l o w i n g d r y i n g procedure was adopted. The apparatus, a f t e r cleaning, 
was washed w i t h d i s t i l l e d water followed by acetone and d r i e d . Then ca. 
30 ml. dry ether (kept as a mixture w i t h t r i e t h y l a l u m i n i u m ) was d i s t i l l e d 
i n t o the apparatus, which had p r e v i o u s l y been evacuated and l e t down to 
ni t r o g e n , and ca. 3 ml. t r i - i s o b u t y l a l u m i n i v r a i added. The apparatus was 
then disconnected from the ether supply and the contents swir l e d around 
the whole of the apparatus. The s o l u t i o n was then poured out and the 
apparatus washed out w i t h 3 x 30 ml. dry ether, a l l these and subsequent 
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operations being c a r r i e d out under n i t r o g e n . F i n a l l y the apparatus was 
pumped out and l e t down to n i t r o g e n . A standard volume of ether was 
then run i n t o the apparatus and the heating mantle switched on. The 
apparatus was t o t a l l y shielded from draughts. 
Temperature d i f f e r e n c e s were measured using a 36-junction copper-
constantan thermocouple. The ether was r e f l u x e d u n t i l e q u i l i b r i u m was 
reached. The compound was then added as a s o l u t i o n i n ether - ca. 
1 m i l l i m o l e ( o f monomer u n i t ) X degree of association i n ca. 1-5 ml. 
ether. The compound was added i n 0*1 ml. u n i t s by gas t i g h t syringe 
through a serum-cap - the e.m.f. being noted f o r each a d d i t i o n . 
F i n a l l y a standard s o l u t i o n of diphenyl i n ether was added i n 0*1 ml. 
u n t i l a f u r t h e r e.m.f. of lOOyxV had been obtained. D e t a i l s of the 
c a l c u l a t i o n are shown i n the r e l e v a n t section of the experimental work. 
I n f r a r e d Spectra 
I n f r a r e d spectra were recorded using Grubb-Parsons GS2A and 
Spectromaster instrxaments i n the region 4000-400 cm ^  using KBr c e l l s 
and a Grubb-Parsons DB3/DM2 spectrometer i n the region 400-200 cm"''' 
using Csl c e l l s . Specimens of a i r s e n s i t i v e m a t e r i a l s were prepared 
i n the glove box. S o l i d m a t e r i a l s were examined as Nujol mulls 
between KBr discs or as a s o l u t i o n i n cyclohexane w i t h solvent 
compensation i n the reference beam. Spectra of l i q u i d s were u s u a l l y 
recorded using sealed s o l u t i o n c e l l s t o minimise the r i s k of o x i d a t i o n 
\ d i i l s t being recorded. Gas samples were studied using a 10 cm. c e l l . 
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Instrument c a l i b r a t i o n was r e g u l a r l y checked i n the region 4000-400 cm 
using a t h i n polystyrene f i l m . When high r e s o l u t i o n work was being 
undertaken the instrument (Spectromaster) was c a l i b r a t e d before each 
spectrum was recorded. I n the region 400 - 200 cm the c a l i b r a t i o n 
was checked using water vapour absorptions w h i l s t operating as a si n g l e 
beam instrument.'''^^ Frequencies above 2000 cm ''' were measured to about 
-1 -1 -1 
+ 5 cm and t o + 2 cm below 2000 cm f o r reasonably intense and 
sharp bands. 
Raman Spectra 
Raman spectra of d i - t - b u t y l - b e r y l l i u m and -zinc were recorded w i t h 
a Cary 81 Raman spectrometer ( U n i v e r s i t y of Newcastle upon Tyne) w i t h 
a 5 ml. sample and standard p o l a r o i d assemblies. E x c i t a t i o n was by 
o 
the blue mercury l i n e (4358 A), an e t h y l v i o l e t - n i t r o t o l u e n e f i l t e r 
s o l u t i o n being used t o reduce the i n t e n s i t y of primary l i n e s t h a t might 
otherwise i n t e r f e r e . The observed frequencies were c a l i b r a t e d from the 
p o s i t i o n s of appropriate intense bands i n the spectra of pure carbon 
t e t r a c h l o r i d e , chloroform, and benzene, and are correct to w i t h i n 
+ 2 cm"''' f o r w e l l defined l i n e s ; f o r d i f f u s e or feeble features the 
l i m i t s of e r r o r may be wider. 
Although a comparatively weak s c a t t e r , d i - t - b u t y l b e r y l l i i m gave a 
Raman spectrum of good q u a l i t y , and analysis of the m a t e r i a l a f t e r the 
spectrum had been recorded ( a t ca.30°) showed n e g l i g i b l e decomposition. 
I n c o n t r a s t , under s i m i l a r c o n d i t i o n s , d i - t - b u t y l z i n c r a p i d l y decomposed 
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w i t h d e p o s i t i o n of m e t a l l i c zinc; accordingly, a d e t a i l e d Raman spectrum 
could not be obtained, and i n the short time a v a i l a b l e only three 
Raman l i n e s could be i d e n t i f i e d w i t h c e r t a i n t y but these were the 
cl o s e s t t o the e x c i t i n g frequency and the most s i g n i f i c a n t i n connection 
w i t h evidence r e l a t i n g t o the molecular sjnmnetry. 
N.M.R. Spectroscopy 
Proton magnetic resonance spectra were recorded at 60 MH^. on a 
Perkin-Elmer RlO spectrometer operating at 33 "5°. Variable temperature 
studies were c a r r i e d out using both the RIO and an AEI RS2 spectrometer 
at 60 MH^ j. Samples were recorded as neat l i q u i d s or as ca. 10 wt.7o 
s o l u t i o n s i n an appropriate solvent. Tetramethylsilane (TMS) was used 
as i n t e r n a l standard = 10*00 and values were c a l c u l a t e d using the 
p r e - c a l i b r a t e d charts f o r the Perkin-Elmer RlO and the side-band 
technique f o r the AEI RS2 spectrometer. Occasionally benzene = 2*73) 
was used as i n t e r n a l standard. 
Gas Chromatography 
P u r i t y of s t a r t i n g m a t e r i a l s was checked using a Pye 104 
chromatograph and standard columns as appropriate. For q u a n t i t a t i v e 
work the instrument was c a l i b r a t e d w i t h known samples as the detector -
flame i o n i s a t i o n , was not l i n e a r . A l t e r n a t i v e l y a Panchromatograph 
w i t h gas density balance detector was used - t h i s gave a l i n e a r response 
i . e . standard peak area per molar u n i t . Areas were measured using a 
Kent i n t e g r a t o r attached t o the chromatograph. 
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, Preparation and P u r i f i c a t i o n of S t a r t i n g M a t e r i a l s 
Solvents 
Pentane, hexane, benzene, toluene, xylene, methyleyelohexane were 
d r i e d over sodium wire. 
D i e t h y l ether was d r i e d over sodium wire followed by d i s t i l l a t i o n 
from l i t h i u m aluminium hydride j u s t before use. 
Tetrahydrofuran (THF) and 1,2-dimethoxyethane ('monoglyme') were 
p u r i f i e d by r e f l u x i n g w i t h potassium u n t i l a blue c o l o u r a t i o n ( o f the 
potassium k e t y l ) was obtained w i t h benzophenone. The solvents were 
then d i s t i l l e d , under n i t r o g e n , on t o l i t h i u m aluminium hydride. 
F i n a l p u r i f i c a t i o n was c a r r i e d out j u s t before use by r e f l u x i n g w i t h , 
and d i s t i l l a t i o n from, l i t h i u m aluminium hydride. 
Trimethylamine and t r i e t h y l a m i n e 
Trimethylamine and t r i e t h y l a m i n e were d i s t i l l e d from phosphorus 
pentoxide and stored over t h i s d r y i n g agent. Trimethylamine was 
d i s t i l l e d on to the vacuum l i n e as required. Triethylamine was 
r e - d i s t i l l e d j u s t before use. 
Trimethylphosphine 
A pure sample was a v a i l a b l e i n the laboratory. 
N,N,N' ,N'-tetramethylethylenediamine, N,N,N',N'-tetraethylethylenediamine 
and N,N,N'-trimethylethylenediamine 
These amines were p u r i f i e d by d i s t i l l a t i o n from sodium. 
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2 , 2 ' - B i p y r i d y l 
As supplied 2 , 2 ' - b i p y r i d y l contains some t e r p y r i d y l and 
p u r i f i c a t i o n was e f f e c t e d by sublimation at 80°/0'05 mm.Hg. on to a 
s o l i d carbon dioxide cooled f i n g e r . 
Benzoic a c i d 
Thermochemical standard benzoic acid was used without f u r t h e r 
p u r i f i c a t i o n . 
Propionic a c i d 
. A small sample was c o l l e c t e d from the middle f r a c t i o n on d i s t i l l i n g 
the commercially a v a i l a b l e m a t e r i a l - b.p. 141°. 
Pyri d i n e 
P y r i d i n e was d i s t i l l e d from sodium hydroxide p e l l e t s on to sodium 
hydroxide p e l l e t s under a n i t r o g e n atmosphere. 
t-Butanol 
t-Butanol was r e f l u x e d w i t h aluminium t u r n i n g s , a c t i v a t e d w i t h a 
trace of mercuric c h l o r i d e , f o r 2-3 hours and the alcohol d i s t i l l e d 
from the alkoxide. 
N,N-dimethylaminoethanol 
The a l c o h o l was p u r i f i e d by d i s t i l l a t i o n from calcium hydride j u s t 
before use. 
N,N-dimethylaminoethanethiol 
This was prepared from the corresponding hydrochloride by a d d i t i o n 
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of l e ss than one molar equivalent of sodium hydroxide t o an aqueous 
s o l u t i o n . The t h i o l was extracted w i t h ether and p u r i f i e d by 
f r a c t i o n a l d i s t i l l a t i o n , and f i n a l l y d i s t i l l a t i o n from magnesium hydride, 
b.p. 126°. 
A l k y l h a l i d e s f o r Grignard reactions 
The p u r i t y of commercially a v a i l a b l e a l k y l halides was checked by 
gas chromatography. I t was necessary to p u r i f y n-propylbromide and i s o -
propylbromide by f r a c t i o n a l d i s t i l l a t i o n , iso-butylbromide was found to 
be > 977c, pure and was used as such. P u r i f i c a t i o n by d i s t i l l a t i o n 
cannot be e f f e c t e d due t o the e q u i l i b r i u m : 
Bu'^ Br ^=2; B u S r 
l y i n g t o the right at elevated temperatures."''^^ 
P u r i f i c a t i o n of £-butylchloride was e f f e c t e d by the method of Norris 
and Olmstead, a f t e r washing w i t h i c e - c o l d d i s t i l l e d water the halide was 
d r i e d w i t h calcium c h l o r i d e and d i s t i l l e d . The f r a c t i o n b o i l i n g 51*0 -
52*0° was collected.•''^'^ 
Grignard Reagents 
These were prepared by the standard procedure from the a l k y l bromide 
and magnesium turnings i n sodium-dried d i e t h y l ether. A s l i g h t excess 
(ca. 5-10%) of magnesium tur n i n g s was used. Yields v a r i e d according to 
the nature of the a l k y l group and a l l s o l u t i o n s were analysed f o r 
hydrolysable a l k y l before f u r t h e r r e a c t i o n . 
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B e r y l l i u m Chloride and B e r y l l i u m Bromide 
B e r y l l i u m c h l o r i d e was prepared i n ca. 95% y i e l d by burning 
b e r y l l i u m powder i n an atmosphere of c h l o r i n e . As the r e a c t i o n i s 
exothermic n i t r o g e n was added t o the c h l o r i n e as a d i l u e n t . 
B e r y l l i u m bromide was s i m i l a r l y prepared using bromine vapour 
generated by passing n i t r o g e n through warmed l i q u i d bromine. 
Zinc Chloride 
S t i c k s of anhydrous zinc c h l o r i d e were powdered i n a glove box 
and f i n a l traces of water were removed by r e f l u x i n g w i t h f r e s h l y 
d i s t i l l e d t h i o n y l c h l o r i d e u n t i l gas e v o l u t i o n was complete. The bulk 
of the t h i o n y l c h l o r i d e was removed by d i s t i l l a t i o n and the remainder 
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m vacuo. 
Preparation of beryllivmi d i - a l k y l s 
Preparations were u s u a l l y c a r r i e d out on a 0*5 molar scale. The 
b e r y l l i u m c h l o r i d e was cooled to -78° and ether slowly added, the 
temperature being kept low to avoid cleavage of the d i e t h y l ether by 
the b e r y l l i i n n c h l o r i d e . The s o l u t i o n was allowed to warm to room 
temperature and was s t i r r e d u n t i l a l l the b e r y l l i u m c h l o r i d e had 
d i s s o l v e d , ca. 350 ml. of ether were used to dissolve 0*5 moles of 
b e r y l l i u m c h l o r i d e . On standing two l i q u i d layers separated out - the 
lower l a y e r i s r i c h i n BeCl2(OEt2)2 and the upper layer i s a d i l u t e 
s o l u t i o n of b e r y l l i i m i c h l o r i d e i n ether. The required amount of 
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Grignard was added over a period of h a l f an hour w i t h vigorous s t i r r i n g 
of the mi x t u r e . Magnesium halides were p r e c i p i t a t e d at once and the 
r e a c t i o n mixture became warm. A f t e r completion of the a d d i t i o n of 
Grignard s o l u t i o n the mixture was s t i r r e d u n t i l i t had cooled to room 
temperature, a f t e r which time the p r e c i p i t a t e d halides s e t t l e d out 
e a s i l y . 
The ether s o l u t i o n of the d i a l k y l b e r y l l i u m was decanted o f f and 
the volume reduced t o ca. 150-200 ml. by d i s t i l l a t i o n . The s o l u t i o n 
was then t r a n s f e r r e d t o a one piece d i s t i l l a t i o n apparatus and the 
remaining ether removed i n vacuo. The d i a l k y l s were then d i s t i l l e d , as 
eth e r a t e s , w i t h v a r i a b l e ether content, a t ca. 70° and 1 mm.Hg. 
Di- n - p r o p y l b e r y l l i u m and d i - i s o - b u t y l b e r y l l i u m had not been 
described i n the l i t e r a t u r e and t h e i r i s o l a t i o n i s described i n d e t a i l 
l a t e r . 
Y i e l d s of 80-85%, based on amount of b e r y l l i u m c h l o r i d e used, were 
obtained. The loss can be accounted f o r i n the numerous transference 
operations involved. 
Di-_t-butyl-dg-beryllium was prepared i n the above way from 10 g. 
dg-_t-butylchloride. 
Preparation of e t h e r - f r e e b e r y l l i u m d i - a l k y l s 
E t h e r - f r e e d i - _ t - b u t y l b e r y l l i i m i and di-_t-butyl-dg-beryllium were 
prepared by the method of Head, Holley and Rabideau.'''•'• ^  This procedure 
uses anhydrous b e r y l l i u m c h l o r i d e as a Lewis acid and the r e s u l t i n g ether-
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f r e e m a t e r i a l can be d i s t i l l e d from the mixture. The reported y i e l d of 
t h i s r e a c t i o n i s ca. 40% and i t was noted t h a t when the d i - t - b u t y l -
b e r y l l i u m ether complex was added t o b e r y l l i i m i c h l o r i d e at room 
temperature there was considerable e v o l u t i o n of heat. The procedure was 
then m o d i f i e d and the r e a c t i o n mixture kept cold during the a d d i t i o n , on 
warming to room temperature the mixture was s t i r r e d f o r one hour i n 
vacuo during which time the e t h e r - f r e e m a t e r i a l was produced as shown 
by the increase i n pressure i n the system. Ether-free d i - t - b u t y l -
b e r y l l i u m was removed i n t o the vacuum system and f r a c t i o n a t e d to remove 
any isobutene formed. Y i e l d s of 60-70% were obtained and the amounts of 
the white sublimate, reported by the o r i g i n a l authors as an etherate of 
b u t y l b e r y l l i i m c h l o r i d e , were considerably reduced. No a n a l y t i c a l data 
were given f o r t h i s compound when i t was p r e v i o u s l y reported. Di-_t-
b u t y l b e r y l l i u m could be stored i n clean glass apparatus at -78° but 
s i g n i f i c a n t decomposition took place i f stored at room temperature or 
i n glass apparatus c o n t a i n i n g a m e t a l l i c deposit; t h i s i s discussed i n 
d e t a i l l a t e r (see page 128). 
The p r e p a r a t i o n of e t h e r - f r e e d i - i s o - p r o p y l b e r y l l i u m had been 
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described by Coates and Glockling using a process of r e f l u x d i s t i l l a t i o n 
w i t h continuous ptraiping. This process was used f o r the preparation of 
e t h e r - f r e e d i - i s o - p r o p y l b e r y l l i u m and also adopted f o r the preparation 
of d i e t h y l b e r y l l i i m i , d i - n - p r o p y l b e r y l l i u m , and d i - i s o b u t y l b e r y l l i u m . 
The apparatus used i s shown i n ( 5 , 3 ) . 
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(5.3) 
The etherate was syringed i n t o the f l a s k A and the c o n s t r i c t i o n 
sealed, the etherate was then reflioxed ( o i l bath temperature 40-50° and 
condenser -10 to -20°) w i t h continuous pumping through T^ , u n t i l ether 
e v o l u t i o n had ceased. This took ca. 24 hours. The ethe r - f r e e m a t e r i a l 
was then d i s t i l l e d i n t o f l a s k B w i t h pumping ( d i f f u s i o n pumps) through 
T2. The product was c o l l e c t e d a t l i q u i d n i t r o g e n temperature. I n the 
case of d i - i s o b u t y l b e r y l l i u m some decomposition took place at the 
r e f l u x stage and t h i s i s discussed l a t e r . 
Samples of e t h e r - f r e e d i m e t h y l b e r y l l i u m (prepared by Professor G.E. 
Coates) were a v a i l a b l e . 
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Preparation of dimethylmercury 
Dimethylmercury was prepared by r e a c t i o n of mercuric c h l o r i d e w i t h 
two molar equivalents of methylmagnesium bromide. The product was 
separated from ether by f r a c t i o n a l d i s t i l l a t i o n and f i n a l p u r i f i c a t i o n 
e f f e c t e d by d i s t i l l a t i o n , b.p.90°/755 mm.Hg. Y i e l d 55%. 
Preparation of dimethylzinc 
Dimethylzinc was prepared by r e a c t i o n of dimethylmercury w i t h zinc 
dust using the apparatus described f o r the preparation of t r i m e t h y l -
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g a l l i u m . Zinc dust (lOOX excess) and dimethylmercury were heated to 
b o i l i n g i n a bulb sealed t o a 20 cm. f r a c t i o n a t i n g column packed w i t h 
Fenske h e l i c e s under dry n i t r o g e n at atmospheric pressure. The r e f l u x 
temperature was i n i t i a l l y 91° (Me2Hg) but a f t e r 1 hour had dropped t o 
44° (Me2Zn) and f r a c t i o n s were taken o f f p e r i o d i c a l l y over a period of 
f i v e hours. I t was stored on the vacuimi l i n e . Y i e l d 87%. 
D i e t h y l z i n c 
D i e t h y l z i n c (a g i f t from Ethyl Corporation) was a v a i l a b l e i n the 
l a b o r a t o r y . 
Di- t . - b u t y l z i n c 
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The p r e p a r a t i o n of t h i s compound was reported by Abraham but 
wit h o u t a n a l y t i c a l d e t a i l s . I t was prepared by the r e a c t i o n of 
anhydrous zinc c h l o r i d e i n ether w i t h _t-butylmagnesium c h l o r i d e as f o r 
the b e r y l l i u m analogue. I t was s i g n i f i c a n t l y less stable t o heat than 
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d i - t - b u t y l b e r y l l i v m i and the heat generated by the a d d i t i o n of the ether 
s o l u t i o n of zinc c h l o r i d e t o the Grignard reagent caused deposition of 
m e t a l l i c z i n c . The ether s o l u t i o n was decanted, and the d i a l k y l z i n c 
separated by f r a c t i o n a t i o n on the vacuum l i n e . The pure compound was 
a l i q u i d when handled i n a glove box - ca.30°. The m.p. has been 
reported as 28*8°.-"-^^ [Found: Zn,36-47o; hydrolysable t-Bu-, 63-37o; 
6 4 
M(by mass spectrometer f o r Zn), 178'070. Calc. f o r CgH^ g^Zn: Zn,36-57o; 
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hydrolysable _t-Bu-, 63*57o; M = 178-070 f o r Zn] . The p.m.r. spectrum 
recorded as a neat l i q u i d w i t h TMS as i n t e r n a l standard consisted of a 
sharp s i n g l e t f 8-93. 
Measurement of vapour and d i s s o c i a t i o n pressures 
Conventional apparatus was used i n both cases.'''^^ 
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Experimental Results 
Reactions of dimethylzinc 
Reaction of dimethylzinc w i t h N,N-dimethylaminoethanethiol - preparation 
of methyl-N,N-dimethylaminoethylsulphide dimer - (MeZnSCH^CH^NMe^)2 
A s o l u t i o n of 1*05 g. (10*0 m i l l i m o l e s ) of N,N,-dimethylamino-
e t h a n e t h i o l i n 20 ml. hexane was added to 224 N c.c. (10*0 m i l l i m o l e s ) 
of dimethylzinc dissolved i n 10 ml. hexane and cooled t o -80°. On 
warming a white s o l i d formed at ca. -30° w i t h gas e v o l u t i o n . This 
s o l i d was r e c r y s t a l l i s e d from 10 ml. 1:1 hexane-toluene mixture as 
small hexagonal p l a t e s . I n a sealed c a p i l l a r y under n i t r o g e n the 
c r y s t a l s became opaque a t 90°, turned brown at 230° and melted, w i t h 
decomposition, a t 250°. [Found: hydrolysable Me - 8'067o; Zn, 35'47o; 
M ( c r y o s c o p i c a l l y i n 0*83, 1*25 wt.X benzene s o l u t i o n ) 360, 363. 
ClQ^26^2^2^^2 ^^'i^^'^^^ hydrolysable Me - 8*15%; Zn, 35'4%; M, 369]. 
The i n f r a r e d spectrum (as a Nujol m u l l ) showed absorptions (below 
2000 cm"''') a t : 510 s,br; 532 w,br; 649 s,br; 668 s; 767 s; 800 m,br; 
862 w,br; 897 m; 945 s; 1000 s; 1029 s; 1042 m; 1101 m; 1124 m; 1147 m,sh; 
1151 m; 1164 m; 1220 m; 1250 w; 1263 w; 1290 s; 1408w; 1439 s,sh; 1449 vs; 
cm~^. s - strong, m - medium, w - weak, v - very, br - broad, sh -
shoulder. These abbreviations are used throughout f o r i . r . spectra. 
When the preparat i o n was c a r r i e d out i n ether a product w i t h an 
i d e n t i c a l i . r . spectrum and m.p. was obtained. 
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Reaction between dimethylzinc and propionic acid - attempted preparation 
of methylzinc propionate - (MeZnOOCEt)^. 
A s o l u t i o n of 1*0 g. ( 1 3 * 5 m i l l i m o l e s ) of propionic acid i n 2 0 ml. 
hexane wais syringed on to 3 1 7 N c.c. ( 1 4 ' 0 m i l l i m o l e s ) of dimethylzinc 
i n 2 0 ml. hexane cooled t o - 1 9 6 ° . On m e l t i n g vigorous gas e v o l u t i o n 
took place and a cl e a r s o l u t i o n was obtained a t room temperature. A 
white s o l i d was obtained, from s o l u t i o n i n 5 ml. hexane, on cooling to 
- 3 0 ° . [Found: hydrolysable Me - 5*97o, Zn, 40'77o.and r a t i o Me:Zn = 
0 * 6 3 : 1 ] . I t was concluded t h a t the product had disproportionated. 
Reaction between dimethylzinc and benzoic acid - attempted preparation 
of methylzinc benzoate - (MeZnOOCPh)^. 
A s o l u t i o n of 0 * 1 8 3 3 g. ( 1 * 5 0 m i l l i m o l e s ) of benzoic acid i n 10 ml. 
toluene were syringed i n t o one limb of a Schlenk tube. I t was cooled 
t o - 1 9 6 ° and 3 7 * 6 N c.c. ( 1 * 6 8 m i l l i m o l e s ) dimethylzinc were condensed 
on. The r e a c t i o n mixture was allowed t o warm up and at ca. - 3 0 ° 
methane e v o l u t i o n occurred and 3 4 * 3 N c.c. methane ( i d e n t i f i e d by i . r . 
spectrum) were c o l l e c t e d . A clear s o l u t i o n r e s u l t e d but a f t e r standing 
a t room temperature f o r a few minutes a s o l i d had deposited. A f t e r 1 
hour the toluene s o l u t i o n was removed i n vacuo and c o l l e c t e d i n a 
l i q u i d n i t r o g e n cooled t r a p . The s o l i d residue was analysed. [Found: 
hydrolysable methyl, 2*367o; Zn, 22*r/o and r a t i o hydrolysable Me - : Zn = 
0 * 4 5 : 1 ] . The toluene s o l u t i o n was analysed by h y d r o l y s i s , 3 0 * 1 N c.c. 
of methane being c o l l e c t e d . Allowing f o r the 3*3 N c.c. excess of 
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dimethylzinc used i n the r e a c t i o n , then 2 3 * 5 N c.c. of methane were 
formed by h y d r o l y s i s of the dimethylzinc present due to d i s p r o p o r t i o n -
a t i o n of the product. 
Analysis,, molecular weight, and vapour pressure of d i - t - b u t y l b e r y l l i u m 
A sample of d i - t - b u t y l b e r y l l i u m was f r a c t i o n a t e d as described'''^^ 
1 8 1 
and t r a n s f e r r e d t o a weighing 'V' and then a f t e r weighing to a 
h y d r o l y s i s apparatus. [Found: hydrolysable Bu*", 9 2 * 0 % ; Be, 7 * 2 % ; 
CgH^gBe r e q u i r e s hydrolysable Bu*^ , 92'77o; Be, 7'37o]. 
1 8 1 
A sample of d i - t - b u t y l b e r y l l i u m was weighed using a 'V' to 
t r a n s f e r i t from the vacuum l i n e . This was dissolved i n benzene and 
the f r e e z i n g p o i n t s determined f o r three concentrations the r e s u l t s are 
tabulated below: 
M concentration degree of association 
1 2 5 * 0 0 * 4 7 1 * 0 2 
1 2 9 * 0 0 * 9 3 1 * 0 5 
1 2 9 * 7 1 * 8 5 1 * 0 6 
i n wt.7o benzene s o l u t i o n 
The vapour pressure of d i - t - b u t y l b e r y l l i u m was measured over the 
range -4 t o + 2 5 ° , above t h i s temperature isobutene e v o l u t i o n was 
s i g n i f i c a n t . The r e s u l t s are shown i n the t a b l e . The vapour pressure 
can be represented by the equation: 
log^Q p(mm.) = 7 * 4 0 - 1745/T ' 
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over t h i s range of temperature. The r e s u l t s are shown g r a p h i c a l l y 
( 5 , 4 ) . From the graph the l a t e n t heat of evaporation i s 7*98 k c a l . / 
mole and the extr a p o l a t e d b o i l i n g p o i n t 115°. This r e s u l t s i n a 
Trouton constant of 20*6 cal/mole/deg. 
Vapour pressure of d i - _ t - b u t y l b e r y l l i u m 
T°C T°K 10^/°K p(mm.) log^Qp(mm.) p(mm.) 
-4*4 268*8 3*720 7*8 0*892 8*1 
+2*0 275*2 3-633 11*5 1*061 11-5 
+8*9 282*1 3*545 16*8 1*225 16*2 
+11*8 285*0 3*509 18*3 1*263 19*1 
+15*0 288*2 3*474 21*8 1*339 22*4 
+21*0 294*2 3*399 29*6 1*471 29-5 
+23*5 296*7 3*3 70 32*0 1*506 33*1 
+25*1 298*3 3*353 34*6 1*539 36*3 
The pmr spectra of d i - _ t - b u t y l b e r y l l i u m and d i - _ t - b u t y l b e r y l l i u m 
etherate were recorded, as neat l i q u i d s , w i t h TMS as i n t e r n a l standard. 
The _ t - b u t y l s i g n a l was i n each case the expected s i n g l e l i n e resonance: 
Bu'^2^e ^ ( B u ^ ) = 9*07 
Bu''2Be(0Et2)Q.7 r(Bu^) = 9*18 
I n f r a r e d and Raman spectra of d i - ^ - b u t y l - b e r y l l i u m and -zinc 
Samples of d i - _ t - b u t y l b e r y l l i u m were f r a c t i o n a t e d before use to 
remove any isobutane and isobutene t h a t may have been present. 
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Recording gas phase i . r . spectra and the Raman spectrum presented no 
handling d i f f i c u l t i e s as the vacuum l i n e could be used. Recording the 
i . r . spectra of the l i q u i d posed handling problems due to the extreme 
a i r s e n s i t i v i t y and the v o l a t i l i t y of t h i s compound. I t was found 
necessary t o use a s o l u t i o n c e l l f o r t h i s spectrum as o x i d a t i o n around 
the edges of a c a p i l l a r y f i l m a f f e c t e d the spectrum. A sealed 
s o l u t i o n c e l l was flushed out w i t h pure dry n i t r o g e n by evacuating i n 
flanged f l a s k and l e t t i n g down w i t h good n i t r o g e n . This was then taken 
i n t o the glove box i n the f l a s k and the sample made up a f t e r f i r s t 
a s c e r t a i n i n g t h a t the box was oxygen and water free by scavenging w i t h 
t r i e t h y l a l u m i n i u m . I n t h i s way reproducible spectra could be obtained. 
I n the course of the spectroscopic work i t became necessary to 
prepare d i - _ t - b u t y l z i n c to c l a r i f y c e r t a i n aspects of the spectra and 
t h i s was handled i n e x a c t l y the same way. I t was a l i q u i d a t the 
temperature of operation of the glove box. 
Only s u f f i c i e n t d i - _ t - b u t y l - d g - b e r y l l i u m was prepared f o r a gas 
phase i . r . spectrum. 
The r e s u l t s are tabulated i n the discussion section. 
Co-ordination compounds of d i - ^ - b u t y l b e r y l l i u m 
N,N,N',N'-tetramethylethylenediamine d i - ^ - b u t y l b e r y l l i u m 
A s o l u t i o n of 1*16 g. (10*0 m i l l i m o l e s ) of N,N,N',N'-tetramethyl-
ethylenediamine dissolved i n 10 ml. methyleye1ohexane was slowly added 
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t o a s o l u t i o n of 1 * 7 4 g. ( 1 0 * 0 m i l l i m o l e s ) of d i - _ t - b u t y l b e r y l l i u m 
etherate i n 1 5 ml. methylcyclohexane cooled to - 3 0 ° . On removal of 
solvent white needles were deposited and these could be r e - c r y s t a l l i s e d 
from a.small volume of methylcyclohexane. [Found: hydrolysable Bu^ -, 
4 8 ' 9 7 0 ; Be, 3 *737.; M ( c r y o s c o p i c a l l y ) i n 1 * 0 7 , 1 - 6 0 wt.7o benzene s o l u t i o n 
2 1 9 , 2 2 7 . C^^n^^BeH^ requires hydrolysable Bu*^-, 47*77o; Be, 3 * 7 6 % ; 
M, 2 3 9 ] . The complex decomposed at 8 6 ° . 
The i n f r a r e d spectrum was recorded (below 2 0 0 0 cm"''") as a Nujol 
m u l l : 4 6 3 vbr,m; 5 1 6 s,vbr; 6 0 6 vs; 6 9 0 vs; 7 7 5 m; 7 9 7 m; 8 0 7 s,br; 
9 1 7 m; 9 3 9 s; 9 6 4 s; 1 0 0 5 s; 1 0 2 0 s; 1 0 4 8 m; 1 0 6 2 m; 1 1 0 0 m; 1 1 2 1 s; 
1 1 6 0 m-s; 1 1 6 6 m-s; 1 1 9 0 m-s; 1 2 3 5 m,sh; 1 2 4 2 s; 1 2 8 2 s; 1 2 8 5 s,sh; 
1 3 5 3 s; 1 3 8 7 s,sh; 1 4 1 0 m; 1 4 4 9 vs,sh; 1 4 8 1 s,sh; 1 6 6 9 vw. When 
recorded as a s o l u t i o n i n cyclohexane the spectrum was e s s e n t i a l l y the 
same but there was some sharpening up of d e t a i l . The p.m.r. spectrum 
was recorded as a s o l u t i o n i n perdeuteromethylcyclohexane and i n 
perdeuterotoluene a t 3 3 ° : 
r(Bu'^) r(N-CH2) ^ ( C H ^ - N ) concn. 
C^D,, 9 - 0 8 7 - 4 5 7 * 5 8 2 0 wt.7c 
7 1 4 
C.,D„ 8 * 9 0 7 - 9 0 7 * 9 0 2 0 wt.7o 
7 o 
low temperature spectra of the s o l u t i o n i n C^ D^ ^^  could not be obtained 
as the so l u t e c r y s t a l l i s e d out. Low temperature spectra of the 
s o l u t i o n i n C^DQ were recorded: 
-96-
T° r(Bu^) 'i;(N-CH2) ' ^ ( ^ - N ) 
- 1 0 8 - 8 1 7-84 
- 2 5 8 * 8 3 7*6 7*94 and 8*03 
- 5 0 8 * 7 3 7-72 7-94 and 8 - 0 6 
- 9 0 8 * 7 5 7 * 7 7 8 * 0 l and 8*24 
The observed spectra are shown i n the discussion section. 
Trimethylamine d i - ^ - b u t y l b e r y l l i u m 
1 3 0 * 0 N c.c. ( 5 * 8 m i l l i m o l e s ) d i - _ t - b u t y l b e r y l l i u m were condensed 
i n t o a tube attached to the vacuum l i n e , 3 4 2 * 5 N c.c. of trimethylamine 
were condensed on t o i t . The mixture was allowed t o warm up t o ca. 
- 3 0 ° and w e l l s t i r r e d , t h i s procedure was repeated a f t e r f r e e z i n g down. 
Excess trimethylamine was removed and measured - 2 1 2 * 0 N c.c. Therefore 
1 3 0 * 5 N c.c. of trimethylamine had reacted w i t h 1 3 0 * 0 N c.c. of d i - _ t -
b u t y l b e r y l l i u m . Thus the product, a white s o l i d , was a 1:1 adduct. 
The product sublimed at room temperature i n a d i f f u s i o n pump vacuimi 
on t o a col d f i n g e r at - 7 8 ° . When heated i n a sealed tube under 
n i t r o g e n the complex melted at 4 5 - 4 6 ° to a cl e a r l i q u i d . [Found: 
hydrolysable Bu^- 62*17o; Be, 4*917=; M ( c r y o s c o p i c a l l y ) i n 0 - 6 0 , 0 - 8 9 
wt.7o benzene s o l u t i o n 1 8 2 , 1 6 8 ; C^^H^j^e^ requires hydrolysable Bu*"-
62*67.; Be, 4 * 957,; M, 1 8 2 ] . The i n f r a r e d spectrum (as a Nujol m u l l ) : 
5 4 5 s; 5 5 9 m,sh; 6 2 1 w,br,sh; 6 5 1 s; 6 6 6 m,sh; 6 9 4 vw; 723 vw; 7 3 8 m; 
7 8 9 vw,sh; 8 0 7 vs; 8 2 1 vs; 8 4 4 vs; 9 2 6 vs; 9 3 6 s,sh; 9 7 1 vs; 9 9 5 vs; 
1 0 0 9 s; 1 0 3 6 m; 1 1 0 5 w; 1 1 5 9 vw; 1 1 9 0 s; 1 2 0 2 m,sh; 1 2 3 5 m,sh; 1 2 4 2 m; 
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1256 m; 1282 w,sh; 1359 m,sh; 1370 s; 1393 m,sh; 1408 vw; 1488 s,sh. 
The p.m.r. spectrum was recorded as a 15 wt.T, s o l u t i o n i n benzene 
w i t h TMS as i n t e r n a l standard. The spectrum consisted of two s i n g l e t s 
as expected'f(Bu'^-Be) = 8*82 andZiKe^^) = 8*11. 
The d i s s o c i a t i o n pressure of the complex was measured over the 
range 25-70°. Above 70° there was a considerable increase i n pressure 
and on c o o l i n g a r e s i d u a l pressure remained. I n f r a r e d examination of 
the gas showed i t t o contain both trimethylamine and isobutene. Over 
the range 25-70° the vapour pressure observed are mean values of 
readings taken increasing and decreasing the temperature. 
T°C . T°K 10^/T°K p(mm.) log^Qp(mm.) p(mm.) 
33*2 306-4 3*26 1*09 0*037 2*5 
43*7 316-9 3-16 3*67 0*565 2*9 
51*5 324*7 3-08 5*14 0-711 4-7 
59*3 332-5 3-01 6*28 0-798 6*5 
61-4 334-6 2-99 7*07 0-849 6-9 
68-1 341*3 2*93 9-20 0-964 8-7 
71-1 344-3 2-90 10-10 1-004 9-6 
80*5 353-7 2*83 14-11 1*495 12-9 
The vapour pressure can be represented by the equation: 
log^Qp(mm.) = 5-77 - 1648/T 
over t h i s range of temperature. 
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T r i m e t h y l p h o s p h i n e - d i - ^ - b u t y l b e r y l l i u m 
1 1 0 * 0 N c.c. ( 4 * 9 m i l l i m o l e s ) d i - t - b u t y l b e r y l l i u m were condensed i n t o 
a small tube attached t o the vacuum l i n e and 2 6 1 * 3 N c.c. ( 1 0 * 6 5 
m i l l i m o l e s ) of trimethylphosphine were condensed on. A f t e r alloxd.ng t o 
reac t 1 5 0 * 8 N c.c. of trimethylphosphine were removed, and therefore 
1 1 0 * 0 N c.c. of d i - _ t - b u t y l b e r y l l i u m had reacted w i t h 1 1 0 * 5 N c.c. of 
trimethylphosphine, a 1:1 adduct being formed. The product sublimed on 
to a col d f i n g e r (-78°) i n a d i f f u s i o n pump vacuum at room temperature. 
When heated i n a sealed tube under n i t r o g e n the complex melted to a 
cle a r l i q u i d at 4 4 - 4 6 ° [Found: hydrolysable Bu*^-, 56*57=; Be, 4*567,; 
M ( c r y o s c o p i c a l l y ) i n 0 * 2 9 , 0 * 4 4 wt.T, benzene s o l u t i o n 2 0 0 , 1 9 1 . 
C^^YL^^^eV requires hydrolysable Bu*^-, 57*37,; Be, 4*527o; M = 1 9 9 ] . The 
i n f r a r e d spectrum (as a Nujol m u l l ) : 4 7 2 w,sh; 4 7 7 w,br; 4 9 6 m,br,sh; 
5 1 8 vs,br; 5 2 9 s,sh; 5 9 2 vs,br; 6 7 1 vw,br; 709 s,sh; 721 s; 8 0 6 s; 8 2 1 vs; 
8 4 1 w,br; 8 7 7 m,br; 9 2 4 s,sh; 9 3 5 vs; 9 5 1 vs; 9 5 7 vs,sh; 9 9 1 m; 1 0 6 2 m,br; 
1 1 5 5 m-s; 1 1 9 5 m; 1 2 8 0 vs; 1 3 0 0 vs; 1 3 4 4 s; 1 3 6 8 vs; 1 4 1 4 vs; 1 4 2 9 vs; 
1 4 4 5 vs,sh. The p.m.r. spectrum was recorded as a 15 wt.7o s o l u t i o n i n 
benzene w i t h TMS as i n t e r n a l reference. The spectrtmi showed: 
assignment r e l a t i v e i n t e n s i t y 
8 * 8 6 . (C-R^)^CBe 2 
(0113)3? 1 J = 3*5c/sec. 
The complex was less thermally stable than the trimethylamine complex and 
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attempts t o measure the d i s s o c i a t i o n pressure l e d t o isobutene 
e v o l u t i o n i n each case. 
Other t - b u t y l b e r y l l i u m compounds 
t - B u t y l b e r y l l i u m c h l o r i d e d i e t h y l e t h e r a t e dimer - (Bu^BeClOEt2)2 
The residue from the preparation of et h e r - f r e e d i - t - b u t y l b e r y l l i u m 
was reported''"'''^ t o contain an etherate of b u t y l b e r y l l i u m c h l o r i d e , but 
w i t h no a n a l y t i c a l data. The residue from a preparation of d i - _ t - b u t y l -
b e r y l l i u m was heated t o 60°/0-0l mm.Hg. and colourless needles sublimed 
up the w a l l s of the tube. [Found: hydrolysable Bu*^-, 31-37,; Be, 5-0770; 
C l , 20*277„; M( c r y o s c o p i c a l l y ) i n 0*55, 0*82 wt.7o benzene s o l u t i o n 335, 
330. ^i(,^28^^2'^^2'^2 ^^^^^^^^ hydrolysable Bu*^-, 31-97,; Be, 5*137,; 
C l , 20*217,; M, 351]. When heated i n a sealed c a p i l l a r y under nitrogen 
the compound melted at 79-80° w i t h decomposition. The i n f r a r e d spectrum 
was recorded (as a Nujol m u l l ) : '^479 m,vbr;'^493 m,vbr;'^ 575 m,vbr; 
719 m; 772 m-s; 785 m; 797 m; 837 m; 870 m; 936 m; 1005 m; 1033 m,br; 
1129 s; 1151 m; 1193 m; 1261 w; 1295 m; 1332 w; 1351 m; 1393 m,sh; 
1449 s,sh; 1458 s,sh; 1481 m,sh. The p.m.r. spectrum was recorded as 
a 20 wt.T, s o l u t i o n i n benzene w i t h TMS as i n t e r n a l standard: 
'i^ assignment 
6*07, 6*18, 6-32, 6*43 CH2CH2O-
8*75 (CH3)3C-Be 
8*94, 9*06, 9-17 CH3CH2O-
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The molecular weight of t h i s compound was determined i n ether s o l u t i o n 
by an e b u l l i o s c o p i c method as described e a r l i e r . A s o l u t i o n of 0*091 g. 
t - b u t y l b e r y l l i u m c h l o r i d e i n 1*00 ml. dry ether was made up. The 
apparatus was set up as described and the ether r e f l u x e d u n t i l a steady 
galvanometer reading was obtained. The s o l u t i o n was then added i n 
0*10 ml. samples from a g a s - t i g h t syringe and the potentiometer reading 
taken at the steady value reached a f t e r each a d d i t i o n . A f t e r the 
sample had been added a standard s o l u t i o n of diphenyl i n ether ( 1 m i l l i -
mole/ml.) was added i n a s i m i l a r way. 
volume of (Bu^BeCl) 
s o l u t i o n added (ml.) 0*0 0*1 0*2 0*3 0*4 0*5 0*6 0*7 
78 88 99 107 115 123 131 140 
0*0 0*1 0*2 0*3 0*4 0*5 0*6 0*7 0*8 0*9 
142 152 162 172 180 191 200 210 218 228 
volume of standard 
solution.i-added (ml.) 
The r e s u l t s are shown g r a p h i c a l l y i n ( 5 , 5 ) . From the graph 1 m i l l i m o l e 
of standard corresponds to an e.m.f. of 95 pV. 
For a s o l u t i o n of 0*091 g. t - b u t y l b e r y l l i u r a c h l o r i d e i n 1*00 ml. 
ether then 1 m i l l i m o l e = 1*115 ml. of t h i s s o l u t i o n . From the graph t h i s 
corresponds t o an e.m.f. of 89 ^V. 
95 
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t - B u t y l b e r y l l i u m bromide d i e t h y l e t h e r a t e dimer - (Bu*"BeBrOEt^)^ 
B e r y l l i u m bromide was s u b s t i t u t e d f o r b e r y l l i u m c h l o r i d e i n a 
p r e p a r a t i o n of ether fre e d i - t - b u t y l b e r y l l i u m . A f t e r removal of the 
e t h e r - f r e e d i a l k y l the residue was heated i n vacuum 7 0 / 0 - 0 1 mm. and 
c o l o u r l e s s needles sublimed out. I n a sealed tube under n i t r o g e n they 
melted a t 5 5 - 5 6 ° to a c l e a r l i q u i d . [Found: hydrolysable b u t y l , 
25'837o; Be, 4 - l 0 7 o ; Br, 36-407o; M ( c r y o s c o p i c a l l y ) i n 0 ' 7 p , 1 * 0 5 wt.7o 
benzene s o l u t i o n 4 4 6 , 4 5 8 . C^^E^gBe^^v^O^ requires hydrolysable b u t y l 
25-917o; Be, 4 - l 0 7 o ; Br, 36-367o; M = 4 4 0 ] . 
The i n f r a r e d spectrum (as a Nujol m u l l ) showed absorptions: 
^^^476 m,br; 5 3 2 s; 5 7 5 ' s ; 7 1 8 s; 7 7 0 s; 7 8 1 s; 794 m; 8 3 2 s; 8 4 4 vs; 
9 1 6 s; 9 2 9 vw,sh; 9 3 5 w; 9 6 2 w,sh; 1 0 0 0 vs; 1 0 3 2 vs; 1 0 9 4 s; 1 1 5 2 s; 
1 1 9 5 s; 1 2 5 9 vw; 1 2 9 4 m; 1 3 3 3 m; 1 3 5 1 m; 1 4 2 5 vw,sh; 1 4 5 3 vs; 1 4 6 8 m,sh. 
Reaction between d i - ^ - b u t y l b e r y l l i u m etherate and N,N,N'-trimethylethyl-
enediamine 
A s o l u t i o n of 1 * 0 2 g. ( 1 0 * 0 m i l l i m o l e s ) of N,N,N'-trimethylethyl-
enediamine i n 1 0 ml. of pentane was added to a s o l u t i o n of 1*74 g. 
( 1 0 * 0 m i l l i m o l e s ) o f d i - _ t - b u t y l b e r y l l i u m etherate i n 2 0 ml. pentane at 
-100°C. A white p r e c i p i t a t e was formed which dissolved on warming to 
about - 6 0 ° and a c l e a r s o l u t i o n was obtained at room temperature. 
Isobutane e v o l u t i o n occurred at room temperature and was complete a f t e r 
ca. s i x hours. On removal of solvent a s l i g h t l y y e l l o w i s h l i q u i d was 
obtained. This was t r a n s f e r r e d t o a d i s t i l l a t i o n apparatus i n pentane 
n OCTWt.8 
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s o l u t i o n and a f t e r removal of solvent the product was d i s t i l l e d at 
4 5 ° / 0 ' l mm. Hg i n t o a receiver cooled to - 4 0 ° ; the compound melted 
at ca. - 4 0 t o - 4 5 ° . [Found: hydrolysable Bu^, 34'27o; Be, 5'3170; 
M ( c r y o s c o p i c a l l y ) i n 0 * 9 7 , 1 * 2 9 , 1 ' 9 3 wt.% benzene s o l u t i o n 1 8 7 , 1 7 8 , 
1 7 3 . CgH22BeN2 requ i r e s hydrolysable Bu*^ , 34-17o; Be, 5-387o; M, 1 6 7 ] . 
The i n f r a r e d spectrum ( l i q u i d f i l m ) contained absorptions a t : 
5 0 6 w,br,sh; 5 2 4 s; 5 9 5 w; 6 2 9 w,br; 7 0 7 s,br; 7 5 6 w,br; 7 8 7 s; 799 m; 
8 3 7 w; 8 7 8 w; 8 9 9 w; 9 4 6 vs; 9 6 1 vs; 1 0 1 2 m,sh; 1 0 2 2 s; 1 0 5 9 vs; 1 0 6 5 s; 
1 1 0 3 m; 1 1 2 0 m; 1 1 6 1 m,sh; 1 1 7 4 s,sh; 1 1 8 8 vs; 1 2 2 2 m; 1 2 5 2 vs; 1 2 9 0 s; 
1 3 4 8 s; 1 3 7 0 m; 1 3 7 9 m; 1 4 0 8 w; 1 4 4 9 m,sh; 1 4 6 8 s; 2 6 8 1 m; 2 7 1 7 m,sh; 
2 7 7 0 vs,sh; 2 7 7 8 vs,sh; 2 8 0 9 vs; 2 8 5 7 vs; 2 9 0 7 vs; 2 9 9 4 m,sh. 
The p.m.r. spectrum VThen recorded as a 1 5 wt.T, s o l u t i o n i n per-
deuteromethylcyclohexane w i t h TMS as i n t e r n a l standard consisted of a 
s i n g l e t a t ^ 9 . * 1 2 due t o Bu^-Be, a s i n g l e t a t 7 * 6 1 due to -NMe^—^Be, 
a s i n g l e t a t ^  7*29 due t o -NMe — Be and a broad m u l t i p l e t due to 
-CH2-CH2- centred on t 7 * 2 . 
Reaction between d i - ^ - b u t y l b e r y l l i u m and N,N-dimethylaminoethanol-
formation of t - b u t y l b e r y l l i i m N,N-dimethylaminoethoxide dimer -
(Bu'^BeOC^H.^NMe^)^. 
A s o l u t i o n of 1 * 3 5 g. ( 1 5 * 0 m i l l i m o l e s ) of N,N-dimethylamino-
ethanol i n 1 0 ml. of pentane was added t o a s o l u t i o n of 3 * 2 2 ml, ( 1 5 * 0 
m i l l i m o l e s ) of d i - _ t - b u t y l b e r y l l i u m ^ i n 1 0 ml. pentane cooled to - 4 0 . 
Immediately a yellow c o l o u r a t i o n developed i n the s o l u t i o n but t h i s 
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diminished as the s o l u t i o n warmed up. The s o l u t i o n became colourless 
a f t e r b o i l i n g the pentane f o r f i v e minutes. On removal of solvent a 
white foam was obtained, 1 5 ml. hexane were added and the s o l u t i o n 
b o i l e d f o r ten minutes, a f t e r removal of hexane the product was 
c r y s t a l l i s e d from 1 5 ml. pentane as small colourless needles. I n a 
sealed c a p i l l a r y the product melts w i t h decomposition 9 8 - 1 0 1 ° . [Found: 
hydrolysable b u t y l , 37*17o; Be, 5'947o; M ( c r y o s c o p i c a l l y ) i n 0 * 7 8 , 1*67 
wt.7o benzene s o l u t i o n 3 0 7 , 3 0 9 . ^X6^38^^2^2^2 ^ ^ ' l " ^ ' ^ ^ ^ hydrolysable 
b u t y l , 37'07o; Be, 5'857o; M, 3 0 8 ] . 
The i n f r a r e d spectrum (as a Nujol m u l l ) showed absorptions: 
5 3 6 m; 5 6 8 m; 6 1 7 vw; 6 5 8 m; 6 9 0 w; 7 3 3 m; 7 5 5 s; 7 8 1 w; 789 w; 7 9 5 w; 
8 2 1 vs; 8 2 6 s,sh; 8 4 9 m; 8 7 0 w; 8 8 7 s; 9 1 7 m; 9 3 6 s; 9 6 2 m; 10o6vw,sh; 
1 0 0 8 vw; 1 0 1 2 vw; 1 0 2 1 m,sh; 1 0 3 1 s; 1 0 4 6 s; 1 0 7 5 s; 1 0 8 9 vs; 1 1 0 1 m; 
1 1 0 6 m,sh; 1 1 6 7 m; 1 1 7 0 m; 1 1 9 0 m; 1 1 9 2 w,sh; 1 2 0 5 vw; 1 2 5 0 vw,sh; 
1 2 6 6 m-w; 1 2 8 0 m; 1 2 8 5 w,sh; 1 3 1 2 vw; 1 3 4 2 vw; 1 3 5 9 w; 1 3 8 7 s; 1 4 5 3 s.sh; 
1 4 7 1 vs; 1 4 7 5 vs,sh. 
Reaction between d i - t - b u t y l b e r y l l i i m i and N,NT-dimethylaminoe thane t h i o l -
forma t i o n of t - b u t y l b e r y l l i i m i N,N-dimethylaminoethylsulphide dimer, 
(BuSeSC^H^^NMe^)^ 
A s o l u t i o n of 1*05 g. ( 1 0 * 0 m i l l i m o l e s ) of N,N-dimethylaminoethane-
t h i o l i n 1 0 ml. hexane was added t o 2 ' 8 ml. of a 3'57M s o l u t i o n of d i - _ t -
b u t y l b e r y l l i v r a i i n ether a t -78°. The mixture warmed to room temperature 
and was heated to b o i l i n g t o ensure completion of the r e a c t i o n . As the 
- 1 0 4 -
r e a c t i o n took place ( > 0 ° ) a white p r e c i p i t a t e was formed. This was 
r e a d i l y s o luble i n toluene but not i n hexane. The product was 
r e c r y s t a l l i s e d from 1 0 ml. of a 3 : 1 hexane/toluene mixture. When 
heated i n a sealed c a p i l l a r y under n i t r o g e n the compound melted t o a 
clea r l i q u i d a t 9 9 - 1 0 1 ° . [Found: hydrolysable b u t y l , 33'670; 
b e r y l l i u m , 5'317o; M ( c r y o s c o p i c a l l y ) i n 0 * 0 8 , 0 * 1 2 wt.T, benzene s o l u t i o n 
3 5 6 , 3 3 2 . C2^H2gBe2N2S2 requires hydrolysable b u t y l , 33'570; b e r y l l i u m , 
5-2970; M, 3 4 0 ] . 
The i n f r a r e d spectrum, recorded as a Nujol m u l l , contained 
absorptions at v(max): 4 4 6 s,sh; 4 6 1 vs; 4 8 8 m,sh; 5 4 6 vs; 5 7 3 m; 5 9 7 m; 
6 9 8 m; 7 0 8 m; 7 7 3 m; 8 2 3 m,sh; 8 3 0 vs; 9 0 1 w; 9 3 0 w; 9 5 2 s; 1 0 0 1 s; 
1 0 2 0 m; 1 0 3 8 m; 1 0 9 5 w; 1 1 1 7 w; 1 1 6 4 m; 1 1 7 6 m,sh; 1 2 0 9 w; 1 2 4 1 w; 
1 2 9 9 m; 1 3 5 1 w,sh; 1 3 7 0 m; 1 4 2 9 m cm"-"-. 
Reactions i n v o l v i n g D i - t - b u t y l z i n c 
Reaction between d i - ^ - b u t y l z i n c and ^ -butanol - formation of t - b u t y l z i n c 
t-butoxide dimer - (Bu^ZnOBu^)2 
t-Butanol (I'O g., 1 3 * 5 m i l l i m o l e s ) i n 1 0 ml. hexane was added t o 
a s t i r r e d s o l u t i o n of d i - _ t - b u t y l zinc ( 2 * 4 2 g. , 1 3 * 5 m i l l i m o l e s ) i n 2 0 ml. 
hexane at - 7 8 ° . There was slow e v o l u t i o n of gas during 3 hr. a f t e r the 
mixture had warmed t o room temperature. Solvent was evaporated u n t i l 
about 8 ml. remained, and the t-butoxide c r y s t a l l i s e d a t - 7 8 ° . [Found: 
Zn, 34'27„; hydrolysable b u t y l 29'27o; M ( c r y o s c o p i c a l l y ) i n 0 - 6 0 , 0 , 8 9 
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wt.7o benzene s o l u t i o n , 413, 394. ^i()^26^2^^2 ^^^^^''^^^ 2n, 33'470; 
hydrolysable b u t y l , 29-Ho; M, 391]. Hydrolysis of the t-butoxide i s 
r e l a t i v e l y slow at room temperature even w i t h 2N sulphuric acid. When 
heated i n a sealed c a p i l l a r y i t decomposes, w i t h c h a r r i n g , 179-184°. 
The p.m.r. spectrum as a 107, s o l u t i o n i n benzene w i t h TMS as i n t e r n a l 
standard consisted of two s i n g l e t s of equal i n t e n s i t y at 8*66 
(C^g-0) and 8*72 ( C ^ ^ - Z n ) . The i n f r a r e d spectrum (as a Nujol m u l l ) 
contained absorptions a t : 461 w,br; 515 m,sh; 526 s,sh; 535 s; 571 w,br; 
599 ra,br; 617 m,vbr; 722 w,br; 757 m; 766 w,sh; 815 m; 901 vs; 909 s,sh; 
921 m,sh; 936 w,br; 964 w; 1010 m; 1027 w; 1178 s; 1202 w,sh; 1244 m; 
1370 vs; 1379 s; 1389 s,sh; 1468 vs cm"-"-. 
t - b u t y l ( p y r i d i n e ) z i n c t-butoxide 
This was p r e c i p i t a t e d when p y r i d i n e i n excess was added t o the 
butoxide dissolved i n hexane. I t was r e - c r y s t a l l i s e d from hexane as 
very pale y e l l o w needles, m e l t i n g a t 132-134° to a pale yellow l i q u i d 
which decomposed w i t h c h a r r i n g at 150°. [Found: Zn, 23*9; hydrolysable 
b u t y l 20*5 and M ( c r y o s c o p i c a l l y ) i n 0*91, 2'06, and 3'09 wt.7, benzene 
s o l u t i o n 289, 294, 301 - corresponding to degrees of association of 
1*06, 1-07 and 1*10 r e s p e c t i v e l y . C ^ ^ n ^ ^ W Z n requires Zn, 23-87,; 
hydrolysable b u t y l , 20 - 87o]. The p.m.r. spectrum (ca. 10 wt.T. s o l u t i o n 
i n benzene) w i t h TMS as i n t e r n a l standard consisted of two sharp s i n g l e t s 
T8-34 (C^HgO) and 8*70 (C^Hg-Zn). 
D i s s o c i a t i o n of the complex was believed to occur although the 
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observed degrees of a s s o c i a t i o n were only s l i g h t l y greater than u n i t y . 
A s o l u t i o n of the complex i n toluene was evaporated i n t o the vacuim 
l i n e and i n f r a r e d examination showed t h i s t o contain absorptions 
c h a r a c t e r i s t i c of both toluene and p y r i d i n e . 
Bis ( p y r i d i n e ) d i - t - b u t y l z i n c 
P y r i d i n e ( 2 ml., an excess) i n hexane ( 1 0 ml.) was added t o a 
s o l u t i o n of 1 * 8 ^ ( 9 * 2 m i l l i m o l e s ) d i - _ t - b u t y l zinc i n 2 0 ml. hexane. The 
mixture became yellow immediately, and was orange when a l l the p y r i d i n e 
had been added. The product was c r y s t a l l i s e d at ca. - 3 0 ° from 5 ml. 
hexane as deep yellow needles m e l t i n g at 4 0 - 4 1 ° to an orange l i q u i d 
which decomposes a t 1 0 0 ° forming a zinc m i r r o r . [Found: Zn, 1 9 ' 7 7 0 ; 
hydrolysable b u t y l 34'77c; M ( c r y o s c o p i c a l l y ) i n 0 * 7 8 , 1* 1 7 wt.7o benzene 
s o l u t i o n 1 6 4 , 1 8 9 - corresponding t o degrees of association of 0 * 4 7 and 
0 * 5 6 . CjgH2gN2Zn req u i r e s Zn, 19*47o; hydrolysable b u t y l , 3 4 ' 8 7 o ] . The 
p.m.r. spectrum i n perdeuteromethylcyclohexane showed (Bu''-Zn) resonance 
as a sharp s i n g l e t at t 9 * 0 1 . The i n f r a r e d spectrum (as a Nujol m u l l ) 
showed absorptions at .: 6 1 9 s; 7 0 4 vs; 7 5 2 s; 8 1 0 s; 9 3 5 w; 1 0 0 8 s; 1 0 3 9 
s; 1 0 6 4 w,sh; 1 0 7 0 s; 1 1 4 9 s; 1 2 2 0 s; 1 2 3 5 vw; 1 2 6 6 vw; 1 3 0 7 vw; 1 3 6 6 m; 
1 3 8 5 s; 1 4 1 8 w,sh; 1 4 4 9 vs; 1 4 9 3 m; 1 5 8 7 w; 1 6 0 0 m,sh; 1 6 0 8 s; 1 6 3 9 w 
- 1 
cm 
Zinc t-butoxide [(Bu'"0)^Zn] 
t-Butanol ( 5 * 0 c.c. 107o excess f o r 2:1 r e a c t i o n ) was added to 2 * 9 5 g. 
( 2 3 * 9 m i l l i m o l e s ) of d i e t h y l z i n c i n 2 0 ml. toluene, and the mixture was 
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b o i l e d under r e f l u x f o r 9 0 hr. a f t e r which time samples withdrawn f o r 
a n a l y s i s y i e l d e d no ethane on h y d r o l y s i s . A white p r e c i p i t a t e formed 
a f t e r ca. 2 4 hr. and the amount increased w i t h time. The product was 
separated, washed several times w i t h hot toluene, and dr i e d under 
reduced pressure. I t was i n s o l u b l e i n toluene, d i e t h y l ether, t e t r a -
hydrofuran, and p y r i d i n e . I t d i d not melt below 3 6 0 ° . [Found: C, 45-97,; 
H, 8-57o; Zn, 30'87o. CgH^ g^O^ Zn requires C, 45-47o; H, 8'57o; Zn, 30-97,]. 
The i n f r a r e d spectrum (as a Nujol m u l l ) contained absorptions at:-
2 3 5 vs,br; 2 6 5 vs,br; 3 7 0 v s ; - 4 0 3 vs; 4 7 1 vs; 5 7 2 vs; 6 1 4 w,br,sh; 
7 2 2 vw; 7 6 5 vs; 9 0 9 m,sh; 9 3 5 vs; 9 7 8 m,sh; 1 0 2 8 m; 1 0 7 0 vw; 1 1 1 4 vw; 
1 1 8 8 vs; 1 2 2 7 s; 1 2 4 2 vs; 1 3 6 1 vs; 1 3 8 3 s; 1 4 6 0 s; 1 5 8 7 vw; 1 8 8 7 vw cm"-*-
Reactions of Di- i s o p r o p y l b e r y l l i x m i 
Reaction between di- i s o p r o p y l b e r y l l i v m i i and N,N,N'-trimethylethylenediamine 
A s o l u t i o n of 1 - 0 2 g. ( 1 0 * 0 m i l l i m o l e s ) of N,N,N'-trimethylethyl-
enediamine i n 1 0 ml. hexane was added to 2 - 8 6 ml. of a 3-49M s o l u t i o n 
( 1 0 * 0 m i l l i m o l e s ) of d i - i s o p r o p y l b e r y l l i u m a t - 7 8 ° . On warming there 
was a vigorous e v o l u t i o n of gas at ca. 0 ° and t h i s r e s u l t e d i n the 
s o l u t i o n warming to ca. 3 5 ° and simultaneously a p r e c i p i t a t e was formed. 
The product was r e - c r y s t a l l i s e d from 5 ml. of a 3 : 1 hexane/toluene 
mi x t u r e . On heating i n a sealed tube under n i t r o g e n the c r y s t a l s shrink 
at 1 2 0 - 1 2 4 ° , t u r n pale yellow at 1 5 0 ° and melt to a pale yellow l i q u i d 
a t 1 6 5 - 1 6 7 ° . . [Found: hydrolysable Pr^, 28-57„; Be, 5-897, and M 
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( c r y o s c o p i c a l l y ) i n 0 * 5 4 , , 0 * 8 0 wt.7o benzene s o l u t i o n , 2 9 3 , 2 7 9 . 
C^^E^^Be^]^^ r e q u i r e s : hydrolysable Pr^, 28'17c,; Be, 5'887„ and M, 3 0 6 ] . 
The i n f r a r e d spectrum (as a Nujol m u l l ) contained absorptions a t : 
4 9 5 m,br; 5 7 1 m; 6 3 6 s; 6 8 5 s; 7 7 2 s; 7 9 2 m; 8 4 8 s; 8 7 0 s; 9 4 1 m,sh; 
9 5 3 m; 9 7 1 m; 1 0 0 0 w; 1 0 2 8 s; 1 0 4 4 w; 1 0 6 2 w; 1 1 0 5 ra,sh; 1 1 1 6 s; 1 1 3 0 m,sh; 
1 1 5 9 s; 1 1 7 5 w; 1 1 9 8 m; 1 2 0 8 m; 1 2 4 7 vw,sh; 1 2 5 3 w; 1 2 8 2 m; 1 2 9 9 vw; 
1 3 5 0 m; 1 3 7 0 s; 1 4 0 8 vw; 1 4 2 0 vw,sh; 1 4 5 6 vs,sh; 1 4 7 1 vs,sh; 1 4 9 0 m,sh cm"''', 
The p.m.r. spectrum recorded as a 1 0 wt.T, s o l u t i o n i n benzene w i t h TMS 
as i n t e r n a l standard showed the f o l l o w i n g resonances: 
assignment 
8 * 4 9 , 8 * 5 4 , 8 * 6 1 , 8 * 6 8 quartet w i t h a b a b s t r u c t u r e (CH2)2CH-Be 
7*97 broad s i n g l e t 
7 * 9 0 s i n g l e t 
7 * 5 5 s i n g l e t 
The v a r i a t i o n of the p.m.r. spectrum w i t h temperature was in v e s t i g a t e d 
as a 1 0 wt.7o s o l u t i o n i n dj,-toluene w i t h TMS as i n t e r n a l standard. The 
o 
r e s u l t s w i l l be discussed l a t e r . 
Reaction between d i - i s o p r o p y l b e r y l l i u m and N,N,N',N'-tetramethylethyl-
enediamine 
A s o l u t i o n of 1 * 1 6 g. (lO'O m i l l i m o l e s ) of N,N,N',N'-tetramethyl-
ethylenediamine i n 5 ml. ether was added to 2 * 9 4 ml. of a 3 •4M s o l u t i o n 
( 1 0 ' 0 m i l l i m o l e s ) of d i - i s o p r o p y l b e r y l l i i a m . The s o l u t i o n became warm 
and a white s o l i d was l e f t on removal of solvent. The product 
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c r y s t a l l i s e d as small v ^ i t e prisms from 20 ml. hexane [Found: hydrolysable 
Pr^, 41-3; Be, 4-267, and M ( c r y o s c o p i c a l l y ) i n 1-04, 1-51 wt.7, benzene 
s o l u t i o n , 230 227. C^^E^^Be^ff^ requires hydrolysable Pr^, 40-87,; Be, 
4*267,; M, 211]. The i n f r a r e d spectrum (recorded as a Nujol m u l l ) 
contained absorptions a t : 466 w,br; 513 m,br; 595 m,br; 722 m; 775 s; 787 
s,sh; 806 vs; 865 s; 876 s; 943 m,sh; 952 m; 965 m; 1010 s; 1020 m,sh; 
1033 m; 1043 m; 1063 m; 1099 s; 1122 s; 1138 w; 1157 w; 1163 m; 1190 m; 
1202 m,sh; 1241 w; 1262 w; 1283 s; 1340 w,sh; 1351 m; 1368 s cm"-^ . 
The p.m.r. spectrum recorded as a 5 wt.T, s o l u t i o n i n benzene w i t h TMS 
as i n t e r n a l standard showed resonances: 
assignment 
c 
8-02 s i n g l e t ^^3"^ 
8-25 s i n g l e t -CH2-N 
8-43, 8-54 doublet (CB.^)^CE-Be 
The p.m.r. spectrum of a sample i n dg-toluene was recorded a t various 
temperatures down t o -80°. There was no s p l i t t i n g or broadening of the 
(N-CH^) resonance. 
Reactions of d i - n - p r o p y l b e r y l l i u m 
Preparation of di - n - p r o p y l b e r y l l i v m i 
The r e f l u x d i s t i l l a t i o n procedure described e a r l i e r (p.85) was 
c a r r i e d out on a 0*19 molar scale. To a s o l u t i o n of 15-5 g. of 
b s r y l l i u m c h l o r i d e i n 200 ml. ether was added 185 ml. of a 2-05M s o l u t i o n 
of n-propylmagnesium bromide at a r a t e t o maintain a steady ether r e f l u x -
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ca. 1 5 minutes. The mixture was s t i r r e d f o r a f u r t h e r 1 5 minutes, 
a f t e r which the magnesium ha l i d e s r e a d i l y s e t t l e d out. The ether layer 
was decanted o f f and, a f t e r removal of ether under reduced pressure, 
the product was d i s t i l l e d a t 8 5 ° ( o i l b a t h ) / 0 ' l mm. Hg and c o l l e c t e d i n 
a vessel cooled i n l i q u i d n i t r o g e n . [Found: hydrolysable n-prdpyl, 
35*47,; Be, 3'7170. Cj^^H^^Be02 requires hydrolysable n-propyl, 35*47o; 
Be, 3*707o. This analysis corresponds to a formula of Fv^^Be(.OEt^)^ 
Molecular weight ( c r y o s c o p i c a l l y ) i n 0 * 8 6 , 1 * 2 8 , 2 * 5 7 wt.7o benzene 
s o l u t i o n , 1 2 6 , 1 3 5 , 1 4 8 ; corresponding to degrees of association of 
0 * 5 2 , 0 * 5 5 and 0 * 6 1 ] . The i n f r a r e d spectrum was recorded as a l i q u i d 
f i l m : 6 4 9 m,br; 7 1 9 s; 7 8 1 vs; 7 9 6 s,sh; 8 4 0 s; 8 5 5 m,sh; 8 7 7 w; 9 0 1 m; 
9 2 4 m; 9 7 5 m,sh; 1 0 0 0 s; 1 0 3 8 vs; 1 0 5 3 s,sh; 1 0 9 3 s; 1 1 2 0 m; 1 1 5 6 s; 
1 1 7 0 s; 1 1 9 5 s; 1 2 0 9 w,sh; 1 2 6 3 w; 1 2 8 4 w; 1 3 1 5 m; 1 3 2 4 m,sh; 1 3 6 6 m,sh; 
1 3 7 9 m,sh; 1 3 8 9 s; 1 4 0 8 m,sh; 1 4 5 3 s; 1 4 7 1 s; 1 4 8 1 m,sh cm"'''. 
Ethe r - f r e e d i - n - p r o p y l b e r y l l i u m was prepared by the method of r e f l u x 
d i s t i l l a t i o n w i t h an o i l bath temperature of 6 0 ° and 10 ^ mm.Hg w i t h the 
condenser temperature - 3 0 ° f o r 2 4 hours. The product was d i s t i l l e d at 
4 0 ° / 1 0 " ^ mm. [Found: hydrolysable n p r o p y l , 9 0 ' 3 7 0 ; Be, 9*437o; M 
( c r y o s c o p i c a l l y ) i n 0 * 5 2 , 0 * 7 8 wt.7o benzene s o l u t i o n 1 9 4 , 2 0 3 . C i 2 ^ 2 8 ^ ^ 2 
r e q u i r e s hydrolysable n-propyl, 9 0 ' 5 3 7 0 ; Be, 9'4770 M, 1 9 0 ] . The i n f r a r e d 
spectrum as a . l i q u i d f i l m : ~ 5 5 6 m; 7 1 9 s; 7 7 7 m; 7 9 3 m,sh; 8 8 3 m; 
8 9 3 m,sh; 9 8 0 m; 1 0 0 7 m; 1 0 5 3 vs; 1 0 9 9 vw,sh; 1 1 7 9 s; 1 2 0 6 m,sh; 1 2 1 8 m,sh; 
1 2 6 6 vw; 1 3 0 7 w; 1 3 2 6 m,sh; 1 3 3 9 m; 1 3 8 1 m; 1 4 0 3 m; 1 4 6 0 s; 1 4 7 1 s; 
2 7 3 2 w,sh; 2 7 8 6 m,sh; 2 8 4 9 vs,sh; 2 8 6 5 vs; 2 9 2 4 s,sh; 2 9 5 9 vs cm"-"-. 
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Reaction between d i - n - p r o p y l b e r y l l i u m w i t h N,N,N'-trimethylethylene-
diamine 
A s o l u t i o n of 0-63 g. (6-2 m i l l i m o l e s ) of N,N,N'-trimethylethyl-
enediamine i n 10 ml. hexane was added to 1-5 g. (6-2 m i l l i m o l e s ) of 
b i s ( d i e t h y l e t h e r ) d i - n - p r o p y l b e r y l l i u m i n 10 ml. hexane cooled to -78°. 
Reaction occurred below room temperature and the product was r e c r y s t -
a l l i s e d from a small volume of methylcyclohexane. When heated i n a 
sealed tube under n i t r o g e n i t decomposed at 60°. [Found: hydrolysable 
n-propyl, 28-07,; Be, 5-817,; M ( c r y o s c o p i c a l l y ) i n 0-78, 1-17 wt.7, 
benzene s o l u t i o n 284, 298. C^^U^^Be^'S^i^ requires hydrolysable n-propyl 
28-17,; Be, 5-887, and M, 306]. The i n f r a r e d spectrum (as a Nujol m u l l ) : 
494 m,br;-^559 m; 585 m;'^  667 m; 774 m; 779 s;-^800 s; 882 m; 953 m; 
979 w; 1001 m; 1017 s,sh; 1032 s; 1065 m; 1106 m,sh; 1125 s; 1161 s; 
1175 m,sh; 1205 m,sh; 1205 m; 1214 w,sh; 1252 w,sh; 1258 m; 1282 m; 
1318 m; 1353 m; 1376 s,sh; 1385 vs; 1420 m; 1460 vs; 1473 vs cm"-*-. 
Reaction between d i - n - p r o p y l b e r y l l i i m w i t h p y r i d i n e and 2 , 2 ' - b i p y r i d y l 
P y r i d i n e (2-5 ml., a large excess) was added to 1-0 g. (3-6 
m i l l i m o l e s ) of b i s ( d i e t h y l e t h e r ) d i - n - p r o p y l b e r y l l i u m b e r y l l i u m and an 
immediate y e l l o w colour developed. On removal of solvent a yellow o i l 
remained v^iich s o l i d i f i e d on f u r t h e r pimiping. A f t e r removal of a l l 
the solvent the yellow s o l i d melted at ca. 10°, as i t warmed up, to a 
yel l o w o i l . I t was not i n v e s t i g a t e d f u r t h e r . 
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Reaction between d i - n - p r o p y l b e r y l l i u m p y r i d i n e complex and 2 , 2 ' - b i p y r i d y l 
A s o l u t i o n of 0 * 5 6 g. ( 3 * 6 m i l l i m o l e s ) of 2 , 2 ' - b i p y r i d y l i n 1 0 ml. 
of ether was added to the p y r i d i n e complex obtained above. The 
s o l u t i o n immediately turned red and when a l l the 2 , 2 ' - b i p y r i d y l had 
been added the s o l u t i o n appeared black. Blood-red c r y s t a l s were obtained 
from pentane s o l u t i o n , on heating i n a sealed tube under nit r o g e n the 
complex decomposed above 9 0 ° . [Found: hydrolysable n-propyl, 3 4 " 4 7 0 ; 
Be, 3'607o; M(«cryoscopically) i n 0 * 7 1 , 1 ' 0 6 wt.7o benzene s o l u t i o n 2 7 1 , 
2 6 7 . C^gH22BeN2 r e q u i r e s hydrolysable n-propyl, 3 4 ' 3 7 0 ; Be, 3'587o; M, 
2 5 1 ] . The i n f r a r e d spectrum (recorded as a Nujol m u l l ) contained 
absorptions: 6 9 0 s; 7 3 5 s; 7 6 3 vs; 7 9 7 m; 8 5 5 w,sh; 8 9 3 m; 9 6 2 w; 
1 0 0 0 w; 1 0 4 1 s; 1 0 4 7 m; 1 1 2 4 w; 1 1 5 9 w; 1 1 6 9 w; 1 2 5 2 w; 1 2 7 7 w; 1 3 1 1 m; 
1 3 2 3 w; 1 3 6 6 w,sh; 1 3 8 3 m; 1 4 2 7 m; 1 4 4 5 m; 1 5 7 2 w; 1 6 0 5 s cm"'''. 
Separation of ether from d i e t h y l b e r y l l i x i m 
A mixture c o n s i s t i n g of mainly d i e t h y l b e r y l l i u m d i e t h y l e t h e r 
complex was b o i l e d w i t h r e f l u x f o r 2 4 hours a t ca. 1 0 ~ mm. ( o i l bath 
temperature 5 0 ° , condenser - 1 5 ° ) . Evolution of ether was i n s i g n i f i c a n t 
a f t e r 1 8 hours. The residue was d i s t i l l e d , 65°/10~'^ mm. and no trace 
of ether nor any compound containing oxygen was detected i n i t s mass 
spectrum [Found: M ( c r y o s c o p i c a l l y , 0 * 7 3 , 1 * 0 9 wt.7 i n benzene), 1 3 8 , 
1 3 6 and ( c r y o s c o p i c a l l y , 0 * 3 6 , 0 * 5 5 , 0 * 7 2 wt.7, i n benzene), 1 3 1 , 1 4 1 , 
1 3 7 a f t e r 6 months storage as a s o l u t i o n i n benzene, 0 * 0 1 9 g. per c . c , 
i n a sealed tube. ^^20^^2' ^ ^ 1 3 4 ] . 
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Proton magnetic resonance spectra of beryllivmi d i a l k y l s 
The p.m.r. spectra of the beryllivim d i a l k y l s , (R2Be)2, R = Et,Pr''", 
Bu""", Bu" have been examined over a range of temperatures. The r e s u l t s 
are discussed l a t e r . 
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Hydride Chemistry 
P y r o l y s i s of«[2-dimethylaminoethyl(methyl)amino]-t-butylberyllivmi -
attempted p r e p a r a t i o n of [HBe(NMe)C2H^NMe2]^ 
A sample of the compound was heated i n a sealed tube i n vacuo. 
Gas e v o l u t i o n d i d not take place u n t i l 200°, and an i n f r a r e d examination 
of the evolved gases then showed the presence of isobutane, isobutene, 
and ethylene. An orange residue containing no hydrolysable hydride 
remained. The r e a c t i o n was not i n v e s t i g a t e d f u r t h e r . 
P y r o l y s i s of d i - t - b u t y l b e r y l l i u m - attempted preparation of t - b u t y l -
b e r y l l i t m i hydride 
I n a l l the r e a c t i o n s described, e t h e r - f r e e d i - t - b u t y l b e r y l l i i o m was 
f r a c t i o n a t e d through two traps a t -78° immediately before use to remove 
any isobutene or isobutane t h a t may have been present. 
I n i t i a l experiments were c a r r i e d out using the f o l l o w i n g technique. 
A measured volume of d i - t - b u t y l b e r y l l i u m was condensed i n t o the p y r o l y s i s 
tube attached to the vacuum l i n e . Nitrogen was admitted to a pressure 
of ca. 70 cm. to suppress d i s t i l l a t i o n of the d i - t - b u t y l b e r y l l i u m i n t o 
a l i q u i d n i t r o g e n t r a p placed i n the system to c o l l e c t the evolved 
isobutene. The apparatus was sealed from the r e s t of the vacuum system 
and h e a t i n g commenced. At i n t e r v a l s heating was discontinued and the 
n i t r o g e n pumped out. The isobutene evolved was measured. Nitrogen was 
then re-admitted and the p y r o l y s i s continued. 
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The data obtained f o r a series of experiments are l i s t e d below: 
Vol.Bu2''Be T 
time 
heated a t 
tempera-
t u r e T 
t o t a l 
heating 
time 
isobutene 
evolved 
t o t a l 
isobutene 
evolved 
1 90*4 N c.c. 60° 17 hours 17 hours 15*8 N c.c. 15*8 N c.c. 
65° 5 22 8*1 23*9 
70° 9 31 12*1 36*0 
75° 3 34 4*8 40*8 
80° 4 38 11*9 52*7 
2 141*6 90° 8 8 120*7 120*7 
3 113*4 105° 3 3 112*9 112*9 
110° 12 15 0*2 113*1 
4 204*8 110° 0*1 0*1 187*0 187*0 
110° 0*9 1 17*7 204*7 
110° 47 48 0*0 204*7 
The f i r s t experiment was discontinued a f t e r 38 hours as the 
r e a c t i o n time was f a r too long f o r convenient preparation of the h a l f -
h y d r i d e , w i t h o u t severe r i s k of o x i d a t i o n . Excess d i - t - b u t y l b e r y l l i v m i 
was removed i n vacuo and a very viscous o i l remained. This was analysed 
by h y d r o l y s i s , i n s i t u , and the r a t i o hydrolysable hydride:hydrolysable 
b u t y l was 1*06:1. 
I n Experiment 2, a f t e r p y r o l y s i s 1 ml, of toluene was added and the 
mixture s t i r r e d f o r two hours before removing the toluene and excess 
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d i - t - b u t y l b e r y l l i u m i n vacuo. The product was a glass and i t was 
hydrolysed i n s i t u . 
found: Bu : Be : H = 1-02 : 1-00 : 0-99 
I n the t h i r d p y r o l y s i s the same procedure was adopted to remove 
excess d i - t - b u t y l b e r y l l i u m and a glassy product obtained. A weighed 
sample was analysed. [Found: hydrolysable b u t y l , 83-37,; hydrolysable 
h y d r i d e , 1-497,; Be, 13 - 627, - r a t i o Bu : Be : H = 1-03 : 1-00 : 1-02. 
C^Hj^^Be r e q u i r e s hydrolysable b u t y l , 85-17,; hydrolysable hydride, 1-50%; 
Be, 13-427,]. 
No evidence was obtained f o r the removal of the second mol. of 
isobutene as shown by the r e s u l t s of the f o u r t h experiment. 
Samples f o r p.m.r. and i . r . spectroscopy were prepared i n the same 
way. The p.m.r. spectrum was recorded as a 10 wt.7, s o l u t i o n i n benzene 
at 33*5°. The spectrum was unexpectedly complex although some peaks 
were r a t h e r broad. Resolution was improved on recording the spectrum at 
100°: 
broad peak 
doublet 
s i n g l e t 
doublet 
33-5" 
r. 
7- 9 ( c e n t r e ) 
8- 86. 8-98 
9-36 ( c e n t r e ) 
100"^ 
r 
7- 9 ( c e n t r e ) 
8- 86, 8-96 
9- 02 
9-31, 9-41 
assignment 
(CH2)2CHCH2— 
(0113)30-
(CH3 )2CHCH2-
The product appears to be a mixture of i s o b u t y l - and t - b u t y l - b e r y l l i u m 
hydrides. 
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The experimental procedure was then modified so t h a t isobutene, 
once formed, was swept away from the t - b u t y l b e r y l l i i m i hydride. D i - t -
b u t y l b e r y l l i u m i n toluene was syringed onto the top of a f r a c t i o n a t i n g 
column i n which toluene was r e f l u x i n g ( a t such a r a t e t h a t the toluene 
continued r e f l u x i n g ) and allowed to pyrolyse as i t ran down the colvmm. 
A c u r r e n t of n i t r o g e n was f l o w i n g up the colimin i n order to sweep away 
the isobutene as soon as i t was formed. Analysis of the toluene 
s o l u t i o n showed: 
isobutane : b e r y l l i u m : hydrogen = 1*01 : 1*00 : 0*98 
The p.m.r. spectrum of the m a t e r i a l obtained on removal of the toluene 
was very s i m i l a r to the one p r e v i o u s l y obtained. A c h l o r i n a t i o n 
procedure was used to e s t a b l i s h the r e l a t i v e amounts of t e r t - b u t y l - and 
i s o b u t y l b e r y l l i u m hydride. 
A s o l u t i o n of c h l o r i n e i n o-dichlorobenzene was prepared by 
bubbling dry c h l o r i n e i n t o o-dichlorobenzene f o r approx. 15 minutes. 
This s o l u t i o n was then analysed by adding potassium iodide and t i t r a t i n g 
the l i b e r a t e d i o d i n e w i t h standard sodium thiosulphate s o l u t i o n . 
A sample of the mixed hydrides dissolved i n toluene was cooled to 
-78° and c h l o r i n e i n o-dichlorobenzene slowly added. The mixture was 
allowed to warm to room temperature. Reaction occurred at about -10° 
and was s u f f i c i e n t l y exothermic to r a i s e the temperature of the s o l u t i o n 
o 
to approx. 40 . The r e a c t i o n vessel was attached to the vacuum l i n e 
and the more v o l a t i l e c o n s t i t u e n t s evaporated i n t o the l i n e . Hydrogen 
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c h l o r i d e was removed by f r a c t i o n a t i o n and the remaining gases condensed 
i n t o a tube f i t t e d w i t h a serum cap and stopcock from which samples 
could be withdrawn. No hydrogen or isobutane was found i n t h i s 
procedure. 
The mixture of t - b u t y l c h l o r i d e and i s o b u t y l c h l o r i d e were analysed 
by gas chromatography using a 5 f t . neopentylglycol adipate column 
operating at 60°. A series of c a l i b r a t i o n mixtures were i n j e c t e d and 
peak areas measured. Base l i n e separation of the peaks was obtained 
w i t h l i q u i d samples. I n j e c t i o n of gaseous samples caused some broad-
ening of the peaks but base l i n e separation of the peaks was s t i l l 
obtained. 
Samples (gaseous 5*0 ml.) of the c h l o r i n a t i o n products were i n j e c t e d 
and peak areas i n t e g r a t e d . Ten samples were i n j e c t e d and average values 
were: 
i s o b u t y l c h l o r i d e 69 + 3% 
, t e r t - b u t y l c h l o r i d e 31 + 3% 
The c h l o r i n a t i o n procedure was applied to a sample that had been 
pyrolysed by the i n i t i a l procedure, i . e . isobutene had not been swept 
away from the hydride. The product from Expt.4 (see page 115) was found 
to c o n t a i n 82% i s o b u t y l b e r y l l i u m hydride. 
At t h i s stage attempts t o prepare t - b u t y l b e r y l l i u m hydride were 
abandoned i n favour of the preparation of i s o b u t y l b e r y l l i u m hydride i n a 
s i m i l a r manner. D i - i s o b u t y l b e r y l l i u m had not been prepared previously. 
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Preparation of d i - i s o b u t y l b e r y l l i u m ; 
The pr e p a r a t i o n was c a r r i e d out on a 0*45 molar scale using the 
general procedure discussed e a r l i e r . 
To a s o l u t i o n of 35 g. b e r y l l i u m c h l o r i d e i n 300 ml. ether was 
added 260 ml. of a 3*39M s o l u t i o n of isobutylmagnesium c h l o r i d e i n ether. 
When the p r e c i p i t a t e d magnesium c h l o r i d e had s e t t l e d , the ether layer 
was decanted o f f and a f t e r removal of most of the ether the product was 
d i s t i l l e d a t 70° ( o i l bath)/0*00l mm.Hg i n t o a f l a s k cooled by l i q u i d 
n i t r o g e n . The product, a colourless l i q u i d , analysed as Bu2''"Be(0Et2)Q.^. 
I t s p.m.r. spectrum was recorded (as a neat l i q u i d ) w i t h TMS as i n t e r n a l 
standard: 
q u a r t e t 
septet 
t r i p l e t 
doublet 
doublet 
5-71,5*82,5-96,6*06 
7-69,7-80,7'91,8'02,8'13,8*23,8*33 
8*58,8*69,8*80 
9-00,9-11 
9*80,9-11 
assignment 
CH2CH2O-
(CH^)2CHCH2'-
CH2CH2O-
(CH3)2CHCH2-
(CH2)2CHCH2'-
Removal of the remaining ether was attempted by the method of Head, 
H o l l e y and Rabideau.'^ '''"^  This was not successful since no m a t e r i a l could 
be d i s t i l l e d from the r e a c t i o n mixture. Ether removal by the r e f l u x 
d i s t i l l a t i o n method was then c a r r i e d out as described e a r l i e r . The 
c o n d i t i o n s used were i d e n t i c a l w i t h those used f o r d i - i s o p r o p y l b e r y l l i u m 
and the product was d i s t i l l e d a t 45°/0*001 mm. Hg i n t o a f l a s k cooled, i n 
- 1 2 0 -
l i q u i d n i t r o g e n . [Found: hydrolysable i s o b u t y l , 9 3 ' 3 % ; b e r y l l i u m , 7 * 3 7 % ; 
M ( c r y o s c o p i c a l l y ) i n 0 * 5 2 , 0 * 6 9 , 1 * 0 4 wt.Z benzene s o l u t i o n 2 6 4 , 2 4 8 , 
2 4 8 . C^^n^^Be^ r e q u i r e s hydrolysable i s o b u t y l , 9 2 * 7 7 , ; b e r y l l i u m , 7 * 3 1 7 o ; 
and M, 2 4 6 ] . 
The p.m.r. spectrum of d i - i s o b u t y l b e r y l l i i m i was recorded both as a 
neat l i q u i d and a 2 0 wt.% s o l u t i o n i n benzene, w i t h TMS as i n t e r n a l 
standard i n both cases: 
benzene s o l u t i o n 
Z 
9 - 4 3 , 9 - 3 3 
8 - 8 5 , 8 - 7 5 
7 - 8 0 
neat l i q u i d 
9 ' 5 6 , 9 - 4 5 
8 - 9 4 , 9 - 0 5 
7 * 9 0 
assignment 
(CH3)2CHai2-
(CH3)2CHCH2-
(CH2)2CHCH2-
^ c e n t r e of resolved septet 
The observed spectrum ( i n benzene s o l u t i o n ) i s shown i n ( 5 , 5 ) . 
The i n f r a r e d spectrtrai of the product was recorded as a l i q u i d f i l m , 
v(max): 7 1 9 m; 7 8 2 w; 8 3 3 m; 8 6 4 m; 9 4 5 w; 9 6 1 w; 9 7 6 w,br; 1 0 1 8 m; 
1 0 3 1 w; 1 0 7 3 m; 1 0 8 1 m; 1 1 6 3 m; 1 1 8 9 s; 1 2 0 5 m,sh; 1 3 1 9 m; 1 3 2 5 m,sh; 
1 3 3 3 m,sh; 1 3 7 0 s; 1 3 7 7 m; 1 3 8 9 m; 1 4 6 6 vs; 1 5 3 8 w,br; 2 5 9 1 vw; 2 7 6 2 w; 
2 8 3 3 m,sh; 2 8 5 7 vs; 2 8 8 2 s; 2 9 2 4 vs,sh; 2 9 4 1 vs; cm"''". 
A f t e r d i s t i l l a t i o n of ether f r e e d i - i s o b u t y l b e r y l l i i m i an i n v o l a t i l e 
residue remained i n the f l a s k . This residue was very viscous and would 
take several hours to run down the sides of the f l a s k . On hy d r o l y s i s a 
0 * 2 7 7 2 g. sample gave: 
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BiyjBe 
20'A in benzene 
5,S 
68*30 N c.c. hydrogen 
63*12 N c.c. isobutane 
28*16 mg. b e r y l l i u m i n s o l u t i o n 
t h e r e f o r e r a t i o Bu : Be:H = 0*90 : 1*00 : 0*97 
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C h l o r i n a t i o n of a sample as p r e v i o u s l y described showed th a t a l l the 
b u t y l content was i n the isobutyl^Eorm. The residue was thus 68 wt .7o 
i s o b u t y l b e r y l l i u m hydride. The residue was not i n v e s t i g a t e d f u r t h e r , 
but was used to prepare a c o - o r d i n a t i o n compound of i s o b u t y l b e r y l l i u m 
hydride as w i l l be described l a t e r . 
P y r o l y s i s of d i - i s o b u t y l b e r y l l i u m - preparation of i s o b u t y l b e r y l l i u m 
hydride 
A v a r i e t y of conditions were used i n t r i a l experiments f o r the 
p r e p a r a t i o n of i s o b u t y l b e r y l l i i m i hydride. These are summarised below. 
1. 0*253 g. D i - i s o b u t y l b e r y l l i u m was t r a n s f e r r e d to a p y r o l y s i s 
apparatus and t h i s was attached to the vacuum system. The p y r o l y s i s was 
c a r r i e d out under ca. 50 cm. n i t r o g e n , measuring evolved isobutene at 
i n t e r v a l s . This being the same procedure as used f o r the p y r o l y s i s of 
d i - t e r t - b u t y l b e r y l l i i m i . A f t e r 12 hours at 85°, 30*3 N c.c. of isobutene 
had been evolved, (46*1 N C o . r e q u i r e d f o r the preparation of the h a l f -
h y d r i d e ) and a f t e r a f u r t h e r 4 hours a t 110° the t o t a l isobutene e v o l u t i o n 
was 52*3 N c.c. The product was glassy and analysis confirmed t h a t 
p y r o l y s i s had continued beyond the h a l f - h y d r i d e . 
2. Further pyrolyses were c a r r i e d out i n a s i m i l a r manner at a 
temperature of 85° measuring the evolved isobutene u n t i l the r e a c t i o n had 
gone ca. 95% towards the h a l f - h y d r i d e . At t h i s stage the product was a 
very viscous l i q u i d and 10 ml. pentane was added and the mixture s t i r r e d 
f o r about 5 minutes to remove excess d i - i s o b u t y l b e r y l l i u m . This washing 
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procedure was c a r r i e d out three times. A double Schlenk tube f i t t e d 
w i t h a r e f l u x condensor was used f o r these preparations. The product 
was dissolved i n benzene and used i n s o l u t i o n f o r reactions. 
3. P y r o l y s i s o f d i - i s o b u t y l b e r y l l i u m etherate - t h i s involves the 
combination of two r e a c t i o n s : ( a ) , removal of ether and ( b ) , p y r o l y s i s 
of the d i - i s o b u t y l b e r y l l i u m . The r e a c t i o n was c a r r i e d out both under 
vacuim and under 1 atm. n i t r o g e n pressure a t a temperature of 85° and-
using a s i m i l a r washing procedure as f o r method ( 2 ) . The evolved 
isobutene and ether were not measured as the extent of r e a c t i o n could be 
v i s u a l l y estimated, the p y r o l y s i s being stopped when the v i s c o s i t y of 
the product stopped the magnetic s t i r r e r . 
The major o b j e c t i o n to these methods i s the time t h a t a very a i r 
s e n s i t i v e compound has t o remain i n apparatus w i t h several greased j o i n t s 
and hence the r i s k of o x i d a t i o n . 
4. The most u s e f u l preparative route f o r large scale (ca.5 g. samples 
of d i - i s o b u t y l b e r y l l i u m e t h e r a t e ) was to heat the d i - i s o b u t y l b e r y l l i u m 
e t herate r a p i d l y to 150° under 1 atm. n i t r o g e n u n t i l the product became 
viscous (ca. 1 hour). The product was dissolved i n benzene as 
described e a r l i e r . Samples f o r analysis and i . r . examination were 
obtained by removing the benzene under reduced pressure. 
Samples produced by methods 2, 3, and 4 were found to give 
s a t i s f a c t o r y a n a l y t i c a l data. As samples f o r f u r t h e r work were prepared 
by method 4 a n a l y t i c a l data are quoted f o r t h i s mode of preparation. 
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[Found: hydrolysable b u t y l , 85*3%; hydrolysable hydride, 1*48%; 
b e r y l l i u m , 13*34%; C^n^^Be requires hydrolysable b u t y l , 85*1%; 
hydrolysable h y d r i d e , 1*50%; b e r y l l i u m 13*42%]. Gas chromatographic 
an a l y s i s of the c h l o r i n a t i o n products showed th a t the product consisted 
of i s o b u t y l b e r y l l i u m hydride only. 
The p.m.r. spectrum was recorded i n benzene s o l u t i o n w i t h TMS as 
i n t e r n a l standard, resonances c h a r a c t e r i s t i c of. isobutyl-groups were 
observed but not resonance due to -BeH: 
assignment 
9*49, 9*38 (CH2)2CHCH2~ 
8*96, 8*86 (CH2)2CHCH2" 
7*9 (CH2)2CHCH2' ( s e p t e t ) 
The molecular weight was determined of two samples prepared by high 
temperature p y r o l y s i s : 
A B 
Analysis: Bu'-.Be.H 83 •9%,13 *44%,1-52% 85-3%, 13-34%, 1*48% 
Gale. 85*1%,13*42%,1*50% 85*1%,13*42%,1*50% 
M.Wt. wt.compound 0*2601 g 0*2271 g 
wt.solvent 8*77, 13*15 g 8*77, 13*15 g 
AT 0*089, 0*078° 0*136, 0*086 
M 1770, 1550 1005, 1040 
degree of 27*2, 23*2 15*0, 15*5 
assocn. ' 
concn.(wt.%) 2*98, 1*99 2*59, 1*73 
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The i n f r a r e d spectrum of i s o b u t y l b e r y l l i u m hydride was recorded as 
a Nuj o l m u l l and as a s o l u t i o n i n cyclohexane. The spectra recorded as 
Nu j o l mulls were of poor q u a l i t y due t o the d i f f i c u l t y involved i n 
g r i n d i n g up the glassy samples. Below 1250 cm the spectra are very 
s i m i l a r , but i n the region 1250-2000 cm ^ there are considerable 
d i f f e r e n c e s as i l l u s t r a t e d i n ( 5 , 6 ) . 
Nujol mu 
(5,6) 
I I 
10 11 
microns 
I 
12 
cyclohexane 
solut ion 
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Co-ordination compounds of i s o b u t y l b e r y l l i u m hydride 
Reaction of i s o b u t y l b e r y l l i u m hydride w i t h N,N,N',N'-tetramethylethyl-
enediamine 
Excess N,N,N',N'-tetramethylethylenediamine (2*5 ml.) was added to 
0*6 g. i s o b u t y l b e r y l l i u m hydride dissolved i n 10 ml. benzene. The 
s o l u t i o n became s l i g h t l y warm. On removal of solvent ( t o 3 ml.) and 
a d d i t i o n of hexane (10 ml.) a white p r e c i p i t a t e was formed. The complex 
was r e c r y s t a l l i s e d from 1:2 benzene/hexane mixture (10 ml.) as colour-
less needles. The complex melted over the range 96-98° and sublimes 
r e a d i l y a t 80°/0*00l mm.Hg. The sublimed product had the same m.p. 
96-98°. [Found: hydrolysable b u t y l , 44*87o; hydrolysable hydride, 0*81%; 
b e r y l l i u m , 7*25%; M ( c r y o s c o p i c a l l y ) i n 0*97, 1*46 wt.% benzene s o l u t i o n 
241, 259. C^^E^^Be^^^i^requires hydrolysable b u t y l , 45*6%; hydrolysable 
h y d r i d e , 0*80%; b e r y l l i u m , 7*20%; M, 250]. 
The p.m.r. spectrum was recorded as 10 wt.% s o l u t i o n i n benzene. 
Resonances due to TMED coincided w i t h t h a t due t o (CH2)2CHCH2- and the 
resonance due to BeH2Be was not observed. 
assignment 
9*84, 9*75 (CH3)2CHCH2-
8*51, 8*41 (CH2)2CHCH2-
8*00 Me^NC„H,NMe„ (broad: width at h a l f height 
2 2 4 2 g c.p.s.) 
7*9 (CH2)2CHCH2- (unresolved) 
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The i n f r a r e d spectrum recorded as a cyclohexane s o l u t i o n contained 
absorptions,, v(max): 595 m; 676 s; 763 m; 786 w; 814 vs; 828 w; 870 
vw; 885 w; 942 vs; 964 vs; 998 s; 1007 m,sh; 1019 m,sh; 1064 s; 1087 m; 
1101 w; 1134 m; 1159 m; 1183 s; 1203 w; 1225 m,sh; 1264 m,sh; 1333 vs; 
1379 vs cm The spectrum recorded as a Nujol m u l l , was i d e n t i c a l . 
Reaction of i s o b u t y l b e r y l l i u m hydride w i t h N,N,N'-,N.l-tetraethylethylene-
diamine 
Excess N,N,N',N'-tetraethylethylenediamine (3*0 ml.) was added to a 
s o l u t i o n of 0*9 g. i s o b u t y l b e r y l l i u m hydride i n 15 ml. benzene. The 
complex was r e c r y s t a l l i s e d as small needles from a small volume of 
pentane. When heated i n a sealed tube under n i t r o g e n the complex melted 
a t 62-63°. [Found: hydrolysable b u t y l , 37*3%; hydrolysable hydride, 
0*64%; b e r y l l i u m , 5*90%; M ( c r y o s c o p i c a l l y ) i n 1*63, 2*45 wt.% benzene 
s o l u t i o n 314, 309. Cj^8^44^^2^2 ^^^"^'^^s hydrolysable b u t y l , 37*2%; 
hydrolysable hydride, 0*63%; b e r y l l i u m , 5*89%; M, 306]. 
The i n f r a r e d spectra were i d e n t i c a l when recorded as a Nujol m u l l 
and a s o l u t i o n i n cyclohexane, v(max): 667 m; 671 m; 735 w; 760 m; 769 s; 
784 m; 800 w; 827 w; 858 w; 891 m; 941 s; 963 s; 1015 m; 1050 m; 1064 m; 
1093 m; 1127 m; 1159 m; 1176 m; 1258 w; 1325 s; 1342 s; 1370 vs; 1391 s; 
1399 s; 1433 m; 1466 m cm"-*". 
Reaction between i s o b u t y l b e r y l l i u m hydride and tetrahydrofuran 
Excess te t r a h y d r o f u r a n (3*5 ml.) was added to a s o l u t i o n of 0*6 g. 
i s o b u t y l b e r y l l i u m hydride i n 10 ml. benzene. On removal of solvent a 
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viscous l i q u i d remained which was redissolved i n hexane (10 ml.) and 
f i l t e r e d . Solvent was removed under reduced pressure a f t e r t r a n s f e r r i n g 
the s o l u t i o n t o a f l a s k . [Found: hydrolysable b u t y l , 41*2%; b e r y l l i u m , 
6*49%; hydrolysable h y d r i d e , 0*70%; M ( c r y o s c o p i c a l l y ) i n 1*37, 2*04 
wt.% benzene s o l u t i o n 281, 284. ^i6^36^^2^2 ^^^"^'^^s hydrolysable b u t y l , 
41*0%; b e r y l l i u m , 6*47%; hydrolysable hydride, 0*73%; M, 278]. 
The i n f r a r e d spectrum was recorded as a l i q u i d f i l m , v(max): 
662 m; 800 w; 876; 896 w,sh; 921 w; 932 m; 947 m; 979 vs; 1020 vs; 1041 
s,sh; 1064 s; 1158 w; 1188 s; 1203 m,sh; 1250 w; 1290 m,sh; 1315 s; 
1359 s; 1371 s,sh; 1393 m,sh; 1466 s cm""^ . 
Decomposition of d i - t - b u t y l b e r y l l i i m i on the vacuum l i n e 
D i - t - b u t y l b e r y l l i i r a i was stored i n a t r a p , cooled to -78°, on the 
vacuum l i n e . The f r a c t i o n a t i o n procedure used to p u r i f y i t before use 
has been mentioned e a r l i e r . This procedure was found to be e n t i r e l y 
s a t i s f a c t o r y provided t h a t the storage tube on the vacuum l i n e was clean. 
One sampe of d i - t - b u t y l b e r y l l i i m was stored i n a tra p ( a t -78°) t h a t 
contained a f i l m of m e t a l l i c zinc formed by the decomposition of d i i t -
b u t y l z i n c . A f t e r storage f o r ca. 3 weeks i t was found t h a t only a 
small p r o p o r t i o n was d i s t i l l a b l e under vacuum. The residue, a h i g h l y 
viscous l i q u i d was sealed-off from the vacuum l i n e and t r a n s f e r r e d to a 
glove box. A sample was analysed: 
0*2170 g on h y d r o l y s i s ^ 7*48 N c.c. hydrogen 
22*11 N c.c. isobutane 
43*87 N c.c. b e r y l l i u m 
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r a t i o Be : Be : H = 0*51 : 1 : 0*17 
r a t i o Bu + H : Be = 0*68 : 1 
The viscous l i q u i d was c h l o r i n a t e d by the previously described procedure 
and, a f t e r f r a c t i o n a t i o n , the products were analysed gas chromatograph-
i c a l l y : 
i s o - b u t y l c h l o r i d e 82 + 2% 
t - b u t y l c h l o r i d e 19 + 2% 
A benzene s o l u t i o n of the viscous s o l u t i o n was prepared and a sample of 
t h i s was analysed by h y d r o l y s i s using water and 2N sulphuric acid. The 
h y d r o l y s i s s o l u t i o n was e x t r a c t e d w i t h ether (3 x 20 ml.) and the 
combined ether e x t r a c t s were d r i e d w i t h anhydrous magnesiim sulphate. 
The bulk of the ether was removed by d i s t i l l a t i o n and the r e s i d u a l 
s o l u t i o n analysed gas chromatographically using a 10 f t . Apiezon L column 
operating between 50° and 150°. Benzene and ether were the only two 
c o n s t i t u e n t s t h a t could be i d e n t i f i e d . 
Decomposition of d i - t - b u t y l b e r y l l i u m i n a p.m.r. tube 
A f r e s h l y f r a c t i o n a t e d sample of d i - t - b u t y l b e r y l l i i m i was condensed 
i n t o a p.m.r. tube and i t s spectrum recorded immediately. The expected 
s i n g l e l i n e resonance, as observed p r e v i o u s l y , was obtained. The sample 
was kept a t l a b o r a t o r y temperature and i t s p.m.r. spectrimi recorded at 
i n t e r v a l s over the next 10 months. A representative s e l e c t i o n of the 
observed spectra are reproduced ( 5 , 8 ) . The s p e c t r a l changes are 
c o n s i s t e n t w i t h the formation of i s o - b u t y l b e r y l l i t m i species. A f t e r 40 
weeks resonance due to (GH2)3C-Be was not observable. The u p f i e l d s h i f t 
t-ButylberyIlium: decomposition at room temperature 
P.M.R.spectra, no solvent 
75 
TMS 
i 
1430 hours (8-5weeks) 
TMS 
262 5 hours 
TMS 
TMS 
Bu' 908 
(CHjJ^CH CHj 9-35,9 46 
(CH^j^CHCH^ 7-94{centrt) 
(CHj)2CHCHj 8-94,905 
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of the methylene protons w i t h time i s q u i t e marked as can be seen f r 
the t a b l e : 
r a t i o i s o - : t - b u t y l 
om 
time (Me2CH.CH2) 
333 h r . 9*17, 9*28 
453 9*22, 9*33 
580 9*25, 9*36 
645 9*26, 9*38 
9*5 wk. 9*35, 9*46 
13*5 9*38, 9*50 
18*5 9*41, 9*52 
27 9*42, 9*54 
40 9*43, 9*54 
4*2 
12 
I n c o n t r a s t the resonances due t o (01^)2^^286- Cii 8*94, 9*05) were 
not observed t o s h i f t s i g n i f i c a n t l y throughout the experiment, once they 
had f i r s t appeared. The resonance due to was also constant 
a t "X. 9*07 throughout the experiment. 
Co-ordination Compounds of Be r y l l i u m Hydride 
I n an experiment aimed at the formation of i s o b u t y l b e r y l l i u n hydride 
6 ml. d i - i s o b u t y l b e r y l l i u m etherate were heated t o 80° overnight (15 
hours) i n vacuo. A hard foam formed which was i n s o l u b l e i n 40 c.c. 
r e f l u x i n g benzene. To t h i s mixture was added 4 ml. of N,N,N',N'-tetra-
methylethylenediamine (TMED), the glassy m a t e r i a l immediately dissolved 
to form a c l e a r , c o l o u r l e s s s o l u t i o n . This s o l u t i o n was f i l t e r e d and 
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on a d d i t i o n of hexane a white s o l i d was obtained. On heating i n a 
sealed c a p i l l a r y the substance shrank a t 128° and 190°, f i n a l l y m e l t i n g 
over the range 207-213°. A sample was analysed, r e a c t i o n w i t h 2-methoxy-
ethanol being v i o l e n t a t low temperature. 
0*0440 g. on h y d r o l y s i s > 21*15 N c.c. hydrogen 
3*86 N c.c. isobutane 
6*28 N c.c. TMED 
0*0338 g. contains 3*56 mg. b e r y l l i u m 
0*0440 g. would contain 4*63 mg. (11*55 N c.c.). b e r y l l i u m 
r a t i o Bu : Be : H : TMED = 1 : 2*99 : 5*48 : 1*63 
r a t i o Bu + H : Be : TMED = 3*98 : 1*84 : 1 
The i n f r a r e d spectrum of the product showed the presence of the BeH2Be 
n o 
bridge and also a strong sharp absorption a t 1767 cm" . 
I t was concluded t h a t the product was a mixture of (Bu''"BeH)2TMED 
and H^Be2TMED. Separation was attempted on the basis of the ready 
s o l u b i l i t y of (Bu'''BeH)2TMED i n pentane. The mixture was t r a n s f e r r e d to 
a Schlenk tube and 15 ml. pentane and 2*5 ml. TMED were added and the 
mixture s t i r r e d overnight. Very l i t t l e s o l i d appeared t o have dissolved. 
On f i l t e r i n g and pumping dry some s o l i d had dissolved - presumably 
(Bu''"BeH)2TMED but there was not s u f f i c i e n t to i d e n t i f y i t . The white 
s o l i d was removed and analysed. [Found: hydrolysable hydride, 2*91%; 
hydrolysable b u t y l , 0%; beryllium,. 12*97%. ^(,^20^^2^2 ^^^"^^^^ 
hydrolysable hydride, 2*91%; b e r y l l i u m , 13*04%]. I t was in s o l u b l e i n 
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both a l i p h a t i c and aromatic hydrocarbons. When heated i n a sealed 
c a p i l l a r y the compound melted a t 210-211°, w i t h decomposition. The 
i n f r a r e d spectrum, recorded as a Nujol m u l l , contained absorptions a t : 
536 w; 571 w; 612 w; 725 m,sh; 741 vs; 780 m; 797 m,sh; 806 m; 823 s; 
907 s; 948 vs; 960 s,sh; 995 vw; 1005 w; 1024 s; 1087 vw; 1105 w; 1135 w; 
1181 w; 1205 w; 1238 m; 1307 s; 1351 vs; 1366 vs; 1447 vs; 1481 m,sh; 
1787 and 1807 vs doublet, cm"'''. 
The observed spectrum i s shovm i n Fig. ( 5 , 9 ) . 
H^BCgTMED 
I 
10 15 20 
(5,9) 
The hydride was i n s o l u b l e i n excess TMED. 
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I n an attempt to prepare a soluble compound N,N,N',N.''>-tetraethylethyl-
enediamine (TEED) was used. D i - i s o b u t y l b e r y l l i u m etherate (6 ml.) was 
pyrolysed overnight (as before) and 4 ml. TEED was added to the foam 
i n 20 ml. benzene. A clear s o l u t i o n was produced which was f i l t e r e d 
and on removal of solvent a viscous o i l remained. The o i l redissolved 
i n pentane and on prolonged pumping a waxy s o l i d was obtained. Analysis 
showed i t t o be a mixture as before and as both compounds were soluble 
i n pentane i t could not be p u r i f i e d . 
Work i s now i n progress studying the reactions of b e r y l l i u m hydride 
prepared by p r e c i p i t a t i o n i n order t o s i m p l i f y p u r i f i c a t i o n problems. 
Reactions between i s o b u t y l b e r y l l i u m hydride and o l e f i n s 
Reactions were c a r r i e d out using the technique described by B e l l 
and Coates.^^ The r a t e of disappearance of the o l e f i n i c peaks being 
measured by p.m.r. spectroscopy. As the reactions were c a r r i e d out i n 
benzene s o l u t i o n a l l areas of o l e f i n i c protons are measured r e l a t i v e 
to the area due to the aromatic protons. 
Reaction of Bu^BeH w i t h pent-l-ene at 33'5° 
Benzene was evaporated under reduced pressure from a sample of 
0'253 g. (3*8 m i l l i m o l e s ) i s o b u t y l b e r y l l i u m hydride i n 3 ml. benzene, 
u n t i l the volume was '^ O'S ml. Pent-l-ene, 0*41 ml. (84*4 N c.c.) was 
added and the sample t r a n s f e r r e d to a p.m.r. tube. The sample was 
maintained a t 33*5° (spectrometer temperature) and spectra recorded at 
i n t e r v a l s . 
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time (min.) 
17 
20 
24 
28 
31 
area of -CH=CH2 
12-9 
10'0 
8-3 
6*9 
5-3 
time (min.) 
37 
48 
64 
78 
130 
area of -CH=CH2 
3-9 
2-7 
1-8 
1-0 
From the graph the h a l f - l i f e i s "^10-15 minutes. 
Reaction of Bu^BeH w i t h 2-methylbut-2-ene at 33*5°, 85° and 110^ 
The r e a c t i o n was c a r r i e d out as f o r the previous one. 
( i ) 33-5° 
( i i ) 85° 
( i i i ) 110° 
no r e a c t i o n a f t e r 7 days 
no r e a c t i o n a f t e r 4 days 
time ( h r . ) 
0 
24 
48 
72 
96 
Me2C=CHMe 
11'0 
7-5 
5-6 
4-3 
3*5 
The s o l u t i o n then became too viscous to record i t s p.m.r. spectrum. 
The h a l f - l i f e of the r e a c t i o n i s '^50 hours. 
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The v i b r a t i o n a l spectra and molecular s t r u c t u r e s 
of d i - t - b u t y l - b e r y l l i u m and -zinc 
D i - t - b u t y l b e r y l l i v r a i i s considerably more v o l a t i l e than the other 
b e r y l l i u m d i a l k y l s . I t s vapour pressure at 25° i s comparable w i t h t h a t 
of a branched chain Cg hydrocarbon and on these grounds i t was pre-
4 115 
sumed to be monomeric. ' 
The "normal" b o i l i n g p o i n t and Trouton constant i n d i c a t e t h a t on 
evaporation there i s no marked change of molecular complexity, and any 
a s s o c i a t i o n i n the l i q u i d phase must in v o l v e r e l a t i v e l y weak bonding. 
Cryoscopic measurements show t h a t d i - t - b u t y l b e r y l l i u m i s monomeric i n 
benzene s o l u t i o n . The mass spectrum of d i - t - b u t y l b e r y l l i u m also shows 
182 
i t i s monomeric i n the vapour phase. 
The i n f r a r e d spectrum of both gaseous and l i q u i d samples of d i - t -
b u t y l b e r y l l i u m and the Raman spectrum of the l i q u i d have been examined. 
To define the o r i g i n of c e r t a i n features of the v i b r a t i o n a l spectrvim 
the i n f r a r e d spectrum of the f u l l y deuterated d e r i v a t i v e was recorded i n 
the vapour phase. While the v i b r a t i o n a l spectra of nimerous simple t -
183 189 
b u t y l compounds of the type (CH2)^CX (X = halogen, H, OH, SH) 
have been analysed, there i s l i t t l e comparable i n f o r m a t i o n concerning 
d i - t - b u t y l d e r i v a t i v e s . For comparison therefore the v i b r a t i o n a l 
spectrum of d i - t - b u t y l z i n c was examined; i n t h i s case there i s l i t t l e 
dpubt t h a t the G-Zn-C skeleton i s l i n e a r , and the spectrum provides a 
u s e f u l index t o the spectroscopic p r o p e r t i e s of t h i s type of system. 
-136-
The observed v i b r a t i o n a l frequencies of d i - t - b u t y l b e r y l l i u m and 
2 [ H g ] d i - t - b u t y l b e r y l l i u m , w i t h r e l a t i v e i n t e n s i t i e s and states of 
p o l a r i s a t i o n are shown i n Table 19. The corresponding data f o r d i - t -
b u t y l z i n c are given i n Table 20. The o v e r a l l symmetry of the 
M[C(CH2)2]2 molecules (M = Be or Zn) depends on the b a r r i e r to r o t a t i o n 
190 
of the CH^ groups about the C-CH^  bonds; microwave evidence i n d i c a t e s 
a comparatively high r o t a t i o n a l b a r r i e r f o r (CE^)^CF, and i f t h i s were 
tr u e f o r the K[C(Cil^)^] 2 molecules the exact symmetry w i l l be 
determined by the exact conformation of the CH^  groups. However, on 
the reasonable assumption t h a t the arrangement of the methyl groups 
w i l l have l i t t l e i n f l u e n c e upon the v i b r a t i o n s of the C^ C-M-CC^  skeletons 
or t h e i r s e l e c t i o n , i t i s possible to discuss the st r u c t u r e s of the d i -
t - b u t y l compounds w i t h reference t o the precise p o i n t groups of e i t h e r 
molecule as a whole. An e l e c t r o n d i f f r a c t i o n study has r e c e n t l y shown 
t h a t the minimum energy conformation i s the eclipsed one, but the 
191 
b a r r i e r t o i n t e r n a l r o t a t i o n i s ^ 0 * 6 k c a l . 
For a molecule w i t h 75 degrees of v i b r a t i o n a l freedom d i - t - b u t y l -
b e r y l l i u m has a remarkably uncomplicated v i b r a t i o n a l spectrum. 
P a r t i c u l a r l y s t r i k i n g i s the comparatively small number of bands 
a t t r i b u t a b l e t o the v i b r a t i o n s of the heavy atom skeleton of the 
Be[C(CH„)„]„ molecule. Of the 21 possible v i b r a t i o n a l fundamentals of 
J J ^ 
the C„C-Be-CC u n i t , no more than 7 can be located i n the Raman spectrum 
and 5 i n the i n f r a r e d spectrvmi ( i n the range explored). Moreover, apart 
-137-
from c e r t a i n ambiguities due to crowding of fundamentals (e.g. near 
1200 cm •'') there i s a general absence of coincidences between Raman-
and i n f r a r e d - a c t i v e s k e l e t a l fundamentals. These two generalisations 
s t r o n g l y support a monomeric 'Be[C(.CR^)^]2 molecule w i t h a high degree 
of S3mimetry; the apparent operation of the "mutual exclusion" p r i n c i p l e 
also suggests t h a t the molecule i s e f f e c t i v e l y centrosymmetric w i t h a 
p o i n t group of D^ ,^ see Table 21. 
A polymeric s t r u c t u r e would r e q u i r e appreciably more complex 
spectra, whereas i f the molecule were monomeric but possessed a bent 
skeleton ( e f f e c t i v e p o i n t group €2^) the s e l e c t i o n r u l e s would permit 
a l l 21 s k e l e t a l fundamentals (or 19 w i t h f r e e r o t a t i o n ) i n the Raman 
and 17 ( o r 16) i n the i n f r a r e d spectrum. As i n the cases of molecule 
14 192 
l i k e Znica^)^ and Hg(CH^)2, ' i t i s probable t h a t the a l k y l groups 
r o t a t e more-or-less f r e e l y about the metal-carbon bonds, and i n these 
circumstances, f o r a l i n e a r C-M-C skeleton, the appropriate e f f e c t i v e 
193 
p o i n t group i s D^ ,^ although c e r t a i n deviations from the s t r i c t D^ ^ 
194 
s e l e c t i o n r u l e s may be expected. S i g n i f i c a n t l y , the Raman spectrum 
of d i - t - b u t y l b e r y l l i u m contains a l i n e a t 132 cm"''' which, contrary to 
the D^ ^ s e l e c t i o n r u l e s , can reasonably be a t t r i b u t e d to the s k e l e t a l 
bending frequency ('^'j^^)- This p a r t i c u l a r v i o l a t i o n of the s e l e c t i o n 
r u l e s f o r a l i n e a r molecule has also been noted f o r Me2Zn,^^ Me2Cd,^^ 
and Me2Hg'''^ ''''^ ^ as w e l l as f o r the CS2 molecule,'''^^ the weak appearance 
of whose forbidden bending mode has been shown to be due to molecular 
i n t e r a c t i o n s . 
-138-
The modes of v i b r a t i o n , t h e i r sjmmietry species and s e l e c t i o n r u l e s 
f o r the heavy atom skeleton of the K[C(.CRy)^] ^  molecule assumed to have 
e f f e c t i v e p o i n t group D^ ^ are shown i n Table 22. The r u l e s permit 6 
Raman and 7 i n f r a r e d bands due t o fundamentals; 3 of the Raman l i n e s 
should be p o l a r i s e d . I n f a c t the Raman spectrum of d i - t - b u t y l b e r y l l i u m 
contains j u s t 3 p o l a r i s e d l i n e s a t frequencies below 1250 cm"''', which 
are c o n f i d e n t l y assigned to v^^, v^, and of species a^ ^^ . As f o r 
r e l a t e d molecules, the e s s e n t i a l l i n e a r i t y of the C-Be-C skeleton i s 
confirmed condusively by the observation t h a t the intense, p o l a r i s e d 
Raman l i n e a t 545 cm ^ , due to the symmetric C-Be-C s t r e t c h i n g mode, i s 
not a c t i v e i n the i n f r a r e d region. Apart from the " e x t r a " low 
frequency l i n e already mentioned and a weak feature a t 450 cm ^ , there 
are then three other w e l l defined (depolarised) Raman l i n e s whose 
frequencies are i n harmony w i t h t h e i r assignments as Vg, v^, and v^^ of 
species e^. 
Assignments of the i n f r a r e d a c t i v e fundamentals are less e a s i l y 
accomplished since there i s no property of the spectra to a i d the 
i d e n t i f i c a t i o n of v i b r a t i o n s of a p a r t i c u l a r class. The S3mmietric top 
ie[C(Cll^)^]2 molecule has comparatively small moments of i n e r t i a 
( p a r t i c u l a r l y along the top a x i s ) , and i n p r i n c i p l e the contours of the 
vapour phase i n f r a r e d bands due t o a^^ v i b r a t i o n s should d i f f e r 
a ppreciably from those due to e^ v i b r a t i o n s . I n p r a c t i c e , the vapour 
phase i n f r a r e d spectrum of d i - t - b u t y l b e r y l l i u m showed only one band ( a t 
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ca.890 cm •'') w i t h p a r t i a l l y resolved r o t a t i o n a l branches; otherwise the 
i n t e r n a l t o r s i o n a l motions of the CH^  groups and the (CH2)^C- groups 
are probably responsible f o r smearing out any f i n e s t r u c t u r e a r i s i n g 
from the r o t a t i o n of the molecule as a whole. 
I n the absence of any i n f o r m a t i o n about band types i n the vapour 
phase i n f r a r e d spectrum, v i b r a t i o n a l assignments have been based l a r g e l y 
on the s e l e c t i o n r u l e s ( p a r t i c u l a r l y i n conjunction w i t h Raman 
p o l a r i s a t i o n data) and on analogies w i t h the spectra of ( i ) molecules 
183-189 
of the type (CH^)^CX, ~ ( i i ) the s t r u c t u r a l l y r e l a t e d p a r a f f i n 
197 198 
2,2,3,3-tetramethylbutane, (CH^)^C.C(CH^)^, ' and ( i i i ) t - b u t y l -
199 
l i t h i u m . The primary problem i s to d i s t i n g u i s h bands due t o the 
C^C-Be-CC^ skeleton from those due t o the i n t e r n a l motions of the 
methyl groups (C-H s t r e t c h i n g , CH^  deformation, and CH^  r o c k i n g ) . For 
the heavy atom framework of a simple t - b u t y l compound (CH^)2CX ( p o i n t 
group C^^) there are 6 fundamental modes of v i b r a t i o n comprising, 
roughly, C-C s t r e t c h i n g (sjmmietric and antisymmetric types), CC^  
deformations (symmetric and antisymmetric), CC^  rock, and C-X s t r e t c h i n g . 
Such modes have been'.identified f o r a range of X and the trends are 
u s e f u l as a guide i n the analysis of the s k e l e t a l fundamentals of d i - t -
b u t y l - b e r y l l i i m i and - z i n c . Bands due t o the i n t e r n a l motions of the 
methyl groups have been ascribed to the appropriate general types of 
motions r a t h e r than t o p a r t i c u l a r modes. The frequencies of the C-H 
s t r e t c h i n g and CH^  deformation modes i n t - b u t y l compounds have been 
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found t o be w i t h i n two f a i r l y narrow and d i s t r i n c t i v e regions,'''^^"•'•^^'^'^'^ 
which have been adequately characterised, but there has been a long 
standing disagreement over the frequencies appropraite to the C-C 
s t r e t c h i n g and CH^ rocking modes, vAiich appear i n the range 800-1250 cm~^. 
Deuteration s t u d i e s , and a normal co-ordinate analysis of (CH^)^CCl, 
I87 
have r e c e n t l y revealed t h a t there i s pronounced mixing of the two 
types of motion so that simple p i c t u r e s of group v i b r a t i o n s and 
frequencies are misleading. Nevertheless, the bands of (CE^)^CCl near 
1200 cm ^ are markedly less s e n s i t i v e to deuteration than those i n the 
regi o n 800-1030 cm"''', and, w i t h the q u a l i f i c a t i o n already made, i t seems 
reasonable, to a f i r s t approximation, to a t t r i b u t e bands of the f i r s t 
type t o ( e s s e n t i a l l y ) C-C s t r e t c h i n g modes and those of the second type 
to ( e s s e n t i a l l y ) CH^  rocking modes. To t h i s extent the assignment 
o r i g i n a l l y favoured by Simpson, Shephard, and others^*^^ f o r t - b u t y l 
groups i s s t i l l v a l i d . 
There i s a second complication. For (CH^)2CX molecules the 
frequency of what approximates t o the C-X s t r e t c h i n g mode appears at 
1 183 ^ 186 ca.900 cm" when X i s a " f i r s t row" element l i k e F, 0, or N. 
Accordingly, , the antisymmetric metal-carbon s t r e t c h i n g mode i n 
Be[C(CH„) ] _ may w e l l occur i n a region already populated by bands due 
O .3 ^ 
to CH^ roc k i n g or C-C s t r e t c h i n g v i b r a t i o n s . To c l a r i f y these and other 
d e t a i l s reference i s made to the i n f r a r e d spectrum of the f u l l y 
deuterated d e r i v a t i v e Be[C(.CJ)^)^] 2- Deuteration causes a marked 
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decrease i n frequency of a l l v i b r a t i o n s predominantly associated w i t h 
movements of the hydrogen atoms of the methyl groups. Thus, the i n f r a -
red features near 2900 cm"''' f o r Be[C(CE^)^] 2, obviously due t o symmetric 
and antisymmetric C-H s t r e t c h i n g modes, show the expected large s h i f t 
( t o 2025-2225 cm ^) on d e u t e r a t i o n i Curiously, the absorptions of the 
deuterated compound have an i n t e n s i t y p a t t e r n q u i t e d i f f e r e n t from that 
of the C-H absorptions, and also extend over a wider frequency range; 
X83 185 X87 189 
t h i s appears to be a c h a r a c t e r i s t i c of (00^)^0 groups, " ' 
and presumably i n d i c a t e s the extensive i n t e r a c t i o n between the d i f f e r e n t 
C-H ( o r C-D) s t r e t c h i n g v i b r a t i o n s . Frequencies between 1360-1500 cm"''' 
i n the spectrum of the (CH2)2C compound drop to IOOO-IO8O cm~^ i n the 
spectrvmi of the (CD2)2C compound, and are ascribed t o methyl 
deformations (symmetric and antisymmetric types). Motions i n v o l v i n g 
major c o n t r i b u t i o n s from methyl r o c k i n g , which appear i n the region 
800-1000 cm •'• f o r d i - t - b u t y l b e r y l l i u m , also appear at much lower 
frequencies (650-870 cm ''') f o r the deuterated compound. There i s 
unavoidably some l a t i t u d e i n a t t r i b u t i n g the observed v i b r a t i o n a l 
f eatures t o p a r t i c u l a r modes of t h i s class (a, + a„ + 2e + 2e ) 
I g 2u g u 
though the assignments cannot be s e r i o u s l y i n e r r o r . The i n f r a r e d bands 
near 1200 cm~^ i n the spectrum of Be[C(CH2)^]2 s u f f e r comparatively 
small frequency changes on d e u t e r a t i o n , and are therefore associated 
mainly w i t h C-C s t r e t c h i n g modes of the skeleton of the molecule, 
although some i n t e r a c t i o n w i t h CH^  rocking modes belonging to the same 
-142-
187 symmetry class i s i n e v i t a b l e ( c f . t - b u t y l c h l o r i d e ). The frequencies 
of the l a t t e r h y b r i d modes of d i - t - b u t y l b e r y l l i u m are consistent w i t h 
the i d e n t i f i c a t i o n of the p o l a r i s e d Raman s c a t t e r i n g a t 1201 cm"''' w i t h 
v^; the comparatively high d e p o l a r i s a t i o n of t h i s l i n e (not much less 
than 6/7) probably r e f l e c t s the inf l u e n c e of the v i b r a t i o n a l coupling. 
Comparison of the i n f r a r e d spectrum of d i - t - b u t y l b e r y l l i u m w i t h 
t h a t of i t s deuterio-analogue i n d i c a t e s , beyond doubt, that the a n t i -
sjmmietric Be-C s t r e t c h i n g v i b r a t i o n i s to be a t t r i b u t e d to the very 
intense i n f r a r e d band a t 450 cm ''', which i s l i t t l e influenced by 
deu t e r a t i o n . Thus con t r a r y to the normal r u l e , the antisymmetric 
s t r e t c h i n g mode appears a t lower frequency than the corresponding 
symmetric mode ('^'2 ~ ^-^i t h i s seems to be due to the unusually 
l a r g e i n t e r a c t i o n between the t - b u t y l groups. The remaining v i b r a t i o n s 
of the heavy atom skeleton of the Be[C(C]ij)^] 2 molecule should be 
r e l a t i v e l y i n s e n s i t i v e to the e f f e c t of de u t e r a t i o n , and the e •' ' u 
deformation of the C(.Cli^)^ groups (v^2^ has been i d e n t i f i e d w i t h an 
i n f r a r e d absorption a t 475 and 459 cm ''' i n the spectra of the normal and 
de u t e r o - d e r i v a t i v e s , r e s p e c t i v e l y . The other deformation and rocking 
modes of the 0(0112)^ group have frequencies below 400 cm"''', the l i m i t 
of i n f r a r e d measurements i n v o l v i n g the deutero compound; of necessity, 
assignments i n t h i s r egion depend upon comparisons w i t h the spectra of 
183-189 197 198 
other t - b u t y l compounds, ~ ' ' and upon the i d e n t i f i c a t i o n of 
the p o l a r i s e d Raman . l i n e a t 212 cm"''' w i t h , the t o t a l l y symmetric 
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(CE^)^C deformation mode. The s i t u a t i o n i s complicated by the coupling 
of w i t h and w i t h producing somewhat " u n c h a r a c t e r i s t i c " 
frequencies f o r the s k e l e t a l deformation modes. Despite t h i s , a 
v i r t u a l l y complete a l l o c a t i o n of s k e l e t a l frequencies i f suggested i n 
Table 19; only v^^, the i n f r a r e d a c t i v e (.CE^)^C rocking v i b r a t i o n 
(expected a t ca. 260 cm ''') has eluded d e t e c t i o n . No feature c l e a r l y 
a t t r i b u t a b l e to t o r s i o n a l motions of the methyl groups has been observed, 
but such modes are u s u a l l y comparatively weak both i n i n f r a r e d 
absorption and Raman s c a t t e r i n g , and i t i s do u b t f u l whether t h i s omission 
i s s i g n i f i c a n t . 
S i m i l a r arguments are applicable t o the analysis of the incomplete 
v i b r a t i o n a l spectrum of d i - t - b u t y l z i n c , w i t h the r e s u l t s shown i n Table 
20. The conspicuous s i m i l a r i t y between the i n f r a r e d spectra of the 
zinc and b e r y l l i u m d e r i v a t i v e s i n the region 600-3500 cm ''' confirms that 
the bands here a r i s e almost e x c l u s i v e l y from i n t e r n a l v i b r a t i o n s of the 
(.CB.^)^C groups; consequently, the spectrum of d i - t - b u t y l z i n c between 
600 and 3500 cm"''' i s e a s i l y i n t e r p r e t e d by reference to the corresponding 
features i n t h a t of d i - t - b u t y l b e r y l l i u m . However, s k e l e t a l motions 
i n v o l v i n g the metal atom or metal-carbon bond appear at lower 
frequencies xdien b e r y l l i u m i s replaced by the l a r g e r zinc atom; where 
observed, these can be i d e n t i f i e d f o r the zinc compound by the r e l a t i v e 
i n t e n s i t i e s and p o s i t i o n s of the v i b r a t i o n a l bands and by comparison 
183 185 
w i t h the spectra of molecules l i k e (CE^)^C'Br. 
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The s a t i s f a c t o r y analysis of the spectra of both Be[C(CH2)^]2 
and Zn[C(CE^)^]2 i n terms of a D^ ^ model leads t o the fundamental 
frequencies f o r the s k e l e t a l v i b r a t i o n s l i s t e d i n Table 23. The 
v i b r a t i o n a l bands s t i l l unaccounted f o r , i n v a r i a b l y of low i n t e n s i t y , 
can be i n t e r p r e t e d as overtones or combinations of the fundamentals. 
The l a r g e number of fundamentals (some of which are i n a c t i v e i n both 
the Raman and i n f r a r e d spectra) commonly allows several possible 
assignments, and d e t a i l e d i n d i v i d u a l assignments t a k i n g account of the 
symmetry of the t r a n s i t i o n , were not p r a c t i c a b l e . 
I n general terms, t h e r e f o r e , the v i b r a t i o n a l spectrum of d i - t -
b u t y l b e r y l l i u m i n the vapour and the l i q u i d phase leaves l i t t l e doubt 
t h a t the molecular u n i t i s b a s i c a l l y monomeric and l i n e a r w i t h respect 
to the metal atom. The compound thus provides one of the rare instances 
of b e r y l l i u m ' s e x h i b i t i n g 2 c o - o r d i n a t i o n at room temperature, the only 
18 
other comparable molecule i s the r e c e n t l y prepared [(Me2Si)2N]2Be. 
On the other hand, two features of the liquid-phase spectra of the 
t - b u t y l d e r i v a t i v e could w e l l s i g n i f y t h a t there i s weak second-order 
molecular i n t e r a c t i o n i n the condensed phases, v i z ; ( 1 ) Contrary t o the 
D^ ^ s e l e c t i o n r u l e s , the antisymmetric Be-C s t r e t c h i n g mode, , 
appears weakly i n the Raman s c a t t e r i n g . This could mean t h a t the 
C-Be-C skeleton i s not s t r i c t l y l i n e a r i n the l i q u i d or i t could be 
due t o the close approach of a second molecule leading to a reduction 
i n the e f f e c t i v e symmetry of the molecule (6,1): 
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Me 
C 
Me.C Be CMe„ 
C 
Me, 
(6,1) 
( 2 ) Change of phase induces some unusually large frequency s h i f t s (up to 
30 cm .•'•) and changes i n i n t e n s i t y of i n f r a r e d absorptions (e.g., near 
2900 and 1000 cm"'''). This i s i n d i c a t i v e , though not necessarily proof, 
of some degree of molecular a s s o c i a t i o n i n l i q u i d d i - t - b u t y l b e r y l l i u m . 
The s t a t e s of d i - t - b u t y l b e r y l l i i m i i s possibly analogous to t h a t of 
t r i m e t h y l i n d i u m xdiere the intermolecular i n t e r a c t i o n i s so weak as to 
p e r s i s t as a s i g n i f i c a n t bonding i n f l u e n c e only i n the c r y s t a l l i n e 
201,202 phase. ' 
The frequencies (450 and 545 cm""*") a t t r i b u t a b l e to the v i b r a t i o n s 
of the Be-C bonds are very low i n comparison w i t h the analogous 
13)3 frequencies of compounds of the type (CH„ „CX 891, 912 and 585 cm"''' f o r 
183 187 
X = F, OH and Cl r e s p e c t i v e l y or w i t h those of the zinc compound. 
Since bery l l i v m i i s such a l i g h t atom, t h i s can only mean tha t the Be-C 
bonds have an unusually small s t r e t c h i n g force constant, k. Preliminary 
122 
estimates suggest t h a t i t i s not very d i f f e r e n t from the value of 
0*8 X 10^ dynes cm"''" estimated f o r b r i d g i n g Be-C i n polymeric 
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dimethylberyllium.'''^^ Though the comparison i s l i m i t e d by the 
v a r i a t i o n of k w i t h the a l k y l s u b s t i t u e n t , the s t r e t c h i n g force 
constants of the m e t a l - a l k y l s of the Group I I metals apparently form 
an i r r e g u l a r s e r i e s . The trends shown i n Table 24 are q u i t e u n l i k e 
202 
the more regu l a r v a r i a t i o n s observed i n Groups I I I and IV. 
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Reactions of d i - t - b u t y l b e r y l l i u m w i t h bases and weak acids 
Trimethylamine does not displace ether q u a n t i t a t i v e l y from d i - t -
34 
b u t y l b e r y l l i u m etherate but by using e t h e r - f r e e d i - t - b u t y l b e r y l l i i a m 
1:1 complexes Bu*'2BeNMe2 and Bu*'2BePMe2 have been prepared. These 
complexes are of i n t e r e s t as they are i s o - e l e c t r o n i c w i t h t r i - t - b u t y l -
borane, a compound whose preparation has caused some d i f f i c u l t y . 
207-209 
Although t r i - t - b u t y l b o r a n e has been reported, l a t e r work has 
shown t h a t r e a c t i o n between t-butylmagnesium c h l o r i d e and boron t r i -
f l u o r i d e have r e s u l t e d i n Bu^^B or Bu'''2BBu''.^ '''^  Both complexes have 
the same m e l t i n g p o i n t w i t h i n a degree and the r e l a t i v e l y high value 
r e f l e c t s the high degree of symmetry of these complexes. There was no 
evidence f o r the a d d i t i o n of a second mole of base. Since the b i s t r i -
methylamine complex of dimethyl b e r y I l i u m has a considerable d i s s o c i a t i o n 
32 o 
pressure (23 mm. at 0 ) , the greater volume of t - b u t y l r e l a t i v e to 
methyl groups would prevent the formation of Bu^2^^^^^2\' however 
the c h e l a t i n g base N,N,N',N'-tetramethylethylenediamine (TMED) displaces 
ether from d i - t - b u t y l b e r y l l i u m etherate and gives a c r y s t a l l i n e 1:1 
complex, Bu''2BeTMED. Dimethylberyllium and^^ d i - i s o p r o p y l b e r y l l i u m 
form s i m i l a r 1:1 complexes. Construction of a model of Bu*'2BeTMED 
shows t h a t there i s i n s u f f i c i e n t room around the b e r y l l i u m atom f o r both 
t - b u t y l groups and both Me2NCH2 groups. The p.m.r. spectrum of t h i s 
complex i s consistent w i t h a c o n s t i t u t i o n i n which only one nitr o g e n i s 
complexed a t a time, but i n which r a p i d exchange takes place between 
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nTtTiTTl 
perdeuteromeOiylcyclohexane 
3 3 -
BurSe 
873 JjM 
- so " 
/ 
NMe, 
dg-toruenc 
6, a 
complexed and free n i t r o g e n . The observed spectra are reproduced (6,2). 
The spectriim of the complex, i n perdeuterotoluene, i s unexpectedly 
simple due to the coincidence of the N-CH2 and N-CH^  resonances. I n 
perdeuteromethylcyclohexane these resonances are observed separately. 
Due to the low s o l u b i l i t y of the complex i n perdeuteromethylcyclohexane 
low temperature p.m.r. spectra could not be recorded. 
Low temperature p.m.r. spectra of the complex i n perdeuterotoluene 
were recorded and s p l i t t i n g of the N-CH^  resonance i s observed below 
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-25° as the exchange between complexed and uncomplexed dimethylamino 
groups becomes slow. This e f f e c t i s not observed f o r the magnesium 
analogue,•'•^^ the magnesium being bigger than the b e r y l l i i m atom, nor 
fo r the d i - i s o p r o p y l complex, Pr''"2BeTMED, both of which are considered 
t o have chelate s t r u c t u r e s . An a l t e r n a t i v e explanation i s t h a t 
exchange i s s t i l l r a p i d a t -80° i n those complexes. 
S t e r i c e f f e c t s play an important p a r t i n reactions of d i - t - b u t y l -
b e r y l l i u m w i t h substances c o n t a i n i n g a c i d i c hydrogen. Whereas Me2Be.NHMe2 
decomposes r a p i d l y w i t h methane e v o l u t i o n when i t melts (44°),^^ and 
Et2Be.NHMe2 evolves ethane below room temperature, the t - b u t y l complex 
does not evolve isobutane q u a n t i t a t i v e l y even on prolonged heating. 
I n s p e c t i o n of a model of the complex, Bu*'2BeNHMe2, shows th a t the amino 
hydrogen i s w e l l shielded and would not be able to e a s i l y approach the 
t e r t i a r y carbon atom of the same or an adjacent molecule. Isobutene 
e v o l u t i o n i s f a s t e r i f trimethy1amine i s added, presumably by di s p l a c i n g 
19 
some dimethylamine which i s then able to react. The e f f e c t of having 
a t e r t i a r y amine close a t hand i s very evident since the complex 
of d i - t - b u t y l b e r y l l i u m w i t h trimethylethylenediamine eliminates i s o -
butane smoothly and q u a n t i t a t i v e l y a t room tenperature. The product 
( 6 , 3 ) , a l i q u i d i s unique amongst the aminoberyIlium a l k y l s prepared 
so f a r i n being monomeric i n benzene ( c r y o s c o p i c a l l y ) . 
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.NHMe—CH„ 
CH, 
N 
Me. 
=^  Bu ^ Be 
Bu'^ Be 
NHMe CH. 
\ 
N' 
Me, 
NMe CH„ 
N CH, 
Me„ 
(6,3) 
A series of complexes (RMNMeC2H^NMe2, M = Be, Mg, Zn) has been 
35 73 157 
described ' ' and w i t h the s i n g l e exception described above are 
a l l dimeric i n benzene s o l u t i o n , and are believed to have the s t r u c t u r e 
( 6 , 4 ) : 
H2C-
.Me2N^ 
M 
-MeN^  
M^ 
R-
NMe CH^  
NMe2 CH2 
(6,4) 
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Small changes i n the sizes of the a l k y l groups attached to b e r y l l i i m also 
r e s u l t i n dimeric s t r u c t u r e s (6,4: M = Be, R = Pr''", Pr'^). S i m i l a r l y the 
products formed when d i - t - b u t y l b e r y l l i u m reacts w i t h 2-dimethylamino-
ethanol and 2-dimethylaminoethanol are dimeric, (Bu''BeXC2H^NMe2)2 X = 
0, S, because the oxygen or sulphur atom occupies less space than does 
the NMe group i n Bu*'BeNMeC2H^NMe2. 
Since the change from monomeric Bu*'BeNMeC2H^ NMe2 to dimeric 
.(Pr'''BeNMeC2H^NMe2)2 must be due mainly to the volume of the t - b u t y l 
group being greater than t h a t of the isoprop y l group, to an extent which 
prevents dimer formation, one would expect the isopropyl groups i n the 
dimer to be subject to considerable s t e r i c r e s t r a i n t . For example, 
r o t a t i o n of the i s o p r o p y l groups about the Be-C bonds i s l i k e l y to be 
r e s t r i c t e d , and by c o n s t r u c t i o n of a model i t i s clear t h a t the i s o -
p r o p y l group cannot r o t a t e and t h a t only two conformations are possible. 
The resonances due to the (.00^)^01- groups i n the p.m.r. spectrum 
of (6,4: M = Be, R = Pr"*") i n d i c a t e such r e s t r i c t i o n since they consist 
of an overlapping p a i r of doublets, of equal i n t e n s i t y a t 'i^ 8*59 and?:' 
8'6& (both J = 7 c/sec.) at -40°, Z 8'66 and 8-72 ( J = 7 c/sec.) at 20°, 
but which are collapsed t o one doublet a t 8*74 ( J = 7 c/sec.) at 80°. 
Degrees of a s s o c i a t i o n of two, three and four have been found f o r 
93 
the 2-dimethylaminoethanol d e r i v a t i v e s of di-t-butylmagnesium, 
66 93 di m e t h y l b e r y l l i u m and dimethylmagnesium. A l l these can be r e a d i l y 
formulated as containing four co-ordinate metal as discussed e a r l i e r . 
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I n agreement w i t h the general observation t h a t l a r g e r substituents favour 
smaller degrees of a s s o c i a t i o n , ^ ^ i t i s observed t h a t Bu*'BeSC2H^ NMe2 i s 
dimeric i n benzene. The analogous methylzinc d e r i v a t i v e i s also a 
dimer, (MeZnSC2H^NMe2)2, tlius the b e r y l l i u m , magnesium and zinc 
d e r i v a t i v e s , MeMSC2H^NMe2 a l l have d i f f e r e n t degrees of association i n 
benzene s o l u t i o n and form a very curious series. A c r y s t a l s t r u c t u r e 
94 
a n a l y s i s of the magnesium d e r i v a t i v e i s i n progress. 
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Ether f r e e b e r y l l i u m d i a l k y l s 
The prepar a t i o n of b e r y l l i u m d i a l k y l s by r e a c t i o n of two moles of 
a Grignard reagent w i t h one mole of b e r y l l i u m h a l i d e i s the most 
convenient r e a c t i o n on a l a b o r a t o r y scale. The products, a f t e r 
separation from magnesium ha l i d e s and d i s t i l l a t i o n a t low pressure, are 
normally ether adducts of i n d e f i n i t e composition. Coates and Glockling 
described a process of " r e f l u x d i s t i l l a t i o n " whereby ether could be 
26 
removed from d i - i s o p r o p y l b e r y l l i u m . This method was not applied to 
the removal of ether from b e r y l l i u m d i a l k y l s and an idea has pe r s i s t e d 
t h a t b e r y l l i u m d i a l k y l s are very d i f f i c u l t t o separate from ether. 
99 
Consequently processes have been devised, r e l a t e d to those which a l l o w 
aluminium a l k y l s to be separated from ether, such as the formation of 
complexes w i t h potassium f l u o r i d e and t h e i r subsequent decomposition i n 
the absence of ether, as discussed e a r l i e r . The use of organomagnesium 
h a l i d e s , prepared and used i n hydrocarbons, has been reported f o r the 
pr e p a r a t i o n of b e r y l l i i m i d i a l k y l s , notably d i - n - b u t y l b e r y l l i i m i which i s 
27 
reported t o be a viscous l i q u i d . I n the present work i t s v i s c o s i t y 
i s found t o be comparable w i t h t h a t of the other l i q u i d b e r y l l i u m 
d i a l k y l s and i s considerably less than t h a t of concentrated sulphuric 
a c i d . 
The r e f l u x d i s t i l l a t i o n procedure has been used f o r the preparation 
of several e t h e r - f r e e b e r y l l i m d i a l k y l s , R2Be (R = Et, Pr", Bu'^ , Bu^), 
which were needed f o r a mass spectroscopic study of t h e i r fragmentation 
under e l e c t r o n i m p a c t . E x p e r i m e n t a l d e t a i l s have been given e a r l i e r . 
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The temperatures a t which the d i a l k y l s d i s t i l are^40-65° at lO'^ m^m. 
w i t h the exception of d i - n - b u t y l b e r y l l i u m which s u r p r i s i n g l y does not 
d i s t i l u n t i l 95°. The separation of ether from dimethylberyllium i s 
more d i f f i c u l t , no doubt due to occlusion of ether w i t h i n the c r y s t a l l i n e 
m a t e r i a l ; repeated sublimations a t low pressure are necessary. The 
d i a r y l s of b e r y l l i u m tenaciously r e t a i n ether, but t h i s i s l i k e l y to be 
due t o t h e i r r e l a t i v e l y strong acceptor s t r e n g t h , e.g. diphenylberyllium 
38 
forms a bisdimethylsulphide complex whereas dimethylberyllium and 
29 
dimethyl sulphide do not form a complex. The use of organomagnesium 
h a l i d e s i n hydrocarbons i s of considerable value i n the preparation of 
27 
b e r y l l i u m d i - a r y l s . 
26 27 203 D i - i s o p r o p y l - , d i - n - b u t y l - , and d i - s e c - b u t y l - b e r y l l i u m are 
dimeric i n benzene s o l u t i o n and st r u c t u r e s (6,5) containing b r i d g i n g 
and t e r m i n a l a l k y l s groups have been proposed: 
Me, 
CH. 
Me2CH-Be:;' •;Be-CHMe2 
"CH "• 
Me2 
(6,5) 
D i - t - b u t y l b e r y l l i u m i s monomeric and s t e r i c f a c t o r s must play a large 
p a r t i n t h i s . There has been some u n c e r t a i n t y i n connection w i t h the 
molecular weight of d i e t h y l b e r y l l i u m , the degree of association 
reported t o be j u s t over two s h o r t l y a f t e r s o l u t i o n s had been made but 
• 155-
25 r i s i n g t o over three a f t e r e i g h t months. Oxidation could w e l l have 
been the reason f o r t h i s observation as e t h y l b e r y l l i u m ethoxide may w e l l 
have been formed and such compounds have been shown to be tetrameric i n 
benzene except when there are s t e r i c abnormalities.^^ The molecular 
weight of d i e t h y l b e r y l l i v m i ( i n benzene) has been re-measured both as a 
f r e s h l y prepared s o l u t i o n and a f t e r storage, i n benzene, f o r s i x 
months i n a sealed tube under vacuxmi. I t was found to be dimeric i n . 
both cases. S i m i l a r l y di-n-propyl- and d i - i s o b u t y l - b e r y l l i u m are dimeric 
i n benzene and s t r u c t u r e s analogous to (6,5) are suggested. 
The r e f l u x d i s t i l l a t i o n process cannot be applied to the separation 
of ether from i t s complex w i t h d i - t - b u t y l b e r y l l i i m i , since e t h e r - f r e e 
d i - t - b u t y l b e r y l l i u m i s so v o l a t i l e . Instead, ether may be separated by 
the a d d i t i o n of beryllivmi c h l o r i d e , which i s a stronger Lewis acid. 
Y i e l d s of up t o 40% of d i - t - b u t y l b e r y l l i u m were reported a f t e r s t i r r i n g 
the mixture f o r 15 hours.^'''^ A white c r y s t a l l i n e by-product, which 
sublimed i n vacuum j u s t below 50° was reported, and "from analysis i t 
was apparently t - b u t y l b e r y l l i v r a i c h l o r i d e etherate but i t was not other-
US' 
wise characterised". No a n a l y t i c a l data were given. Considerably 
increased y i e l d s were obtained when the period over which the mixture 
was s t i r r e d was reduced t o 1 hour, w i t h a consequent reduction i n the 
amount of by-product formed. 
I n view of the p o s s i b i l i t y t h a t t h i s by-product was a b e r y l l i u m 
analogue of a Grignard reagent, i t was re-examined. Replacing b e r y l l i u m 
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c h l o r i d e b y b e r y l l i u m bromide the corresponding bromide was obtained. 
These products are t - b u t y l b e r y l l i u m h a l i d e d i e t h y l ether complexes and 
both are dimeric i n benzene s o l u t i o n . Since the b r i d g i n g p r o p e r t i e s 
of halogen are undoubtedly b e t t e r than those of t - b u t y l , the formulation 
(6,6) i s proposed s i m i l a r to t h a t suggested f o r i t s t-butylmagnesiimi 
c h l o r i d e d i e t h y l e t h e r a t e \diich i s also dimeric i n benzene. 
Et20^ Bu"" E t 2 0 ^ 0Et2 
(6,6) (6,7) 
I n r e f l u x i n g d i e t h y l e t h e r , t - b u t y l b e r y l l i u m c h l o r i d e had a mean degree 
of a s s o c i a t i o n of 1*07 over the concentration range 0'002-0•020M, so the 
c h l o r i n e bridge i s presumably cleaved by ether g i v i n g monomeric (6,7) 
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Reactions of zinc d i a l k y l s w i t h weak acids 
Dimethylzinc reacts w i t h a c e t i c a c i d and dimethylphosphinic acid 
to form products which are i n s o l u b l e i n benzene and which are believed 
to c o n t a i n b r i d g i n g acetate and dimethylphosphinate groups. Their 
i n s o l u b i l i t y i s considered to be due t o cross l i n k i n g between the zinc 
atoms of one dimer u n i t and the oxygen atoms of another thereby r a i s i n g 
the c o - o r d i n a t i o n number of zinc from 3 ( i n the dimer u n i t ) to 4. 
These products d i s s o c i a t e above 75° and 140° r e s p e c t i v e l y . ^ ^ The 
r e a c t i o n of dimethylzinc w i t h propionic and benzoic acid were c a r r i e d 
out i n the hope of preparing soluble compounds containing three co-
o r d i n a t e metal. This was not successful due to the d i s p r o p o r t i o n a t i o n 
of the product a t room temperature, q u i t e a remarkable change from the 
cases mentioned above. S t e r i c f a c t o r s are u n l i k e l y . t o be the reason 
f o r t h i s as the Me2P- group i s more bulky than the CH^ - group and yet 
the dimethylphosphinate does not di s p r o p o r t i o n a t e u n t i l a much higher 
temperature than the acetate. 
73 
A l k y l z i n c alkoxides are gen e r a l l y tetrameric i n benzene s o l u t i o n , 
but where bulky groups are involved lower degrees of association are 
82 
observed, e.g, phenylzinc triphenylmethoxide i s dimeric. The degree 
of a s s o c i a t i o n of methylzinc-t-butoxide i s concentration dependent, 
85 
f a l l i n g from 4 at about 0*5M t o less than 3 a t 0'12-0*2M. I n view of 
the s t e r i c hindrance i t i s reasonable to expect t h a t t - b u t y l z i n c t -
butoxide whould have a degree of association of less than f o u r . I t i s 
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dimeric i n benzene s o l u t i o n and i s formulated ( 6 , 8 ) . 
Bu Zn^ ,Zn Bu 
\^ 
(6,8) 
Very r e c e n t l y Noltes and Boersma have reported t h a t (6,8) i s 
211 
t r i m e r i c i n benzene. As low concentrations were used, and therefore 
low depressions of f r e e z i n g p o i n t obtained, t h i s r e s u l t i s possibly i n 
e r r o r . A pale yellow monopyridine adduct of (6,8) i s r e a d i l y prepared, 
82 
whereas a p y r i d i n e adduct of (PhZnOCPPh^)2 could not be prepared. 
The p y r i d i n e adduct d i s s o c i a t e s i n benzene s o l u t i o n , the observed 
degrees of a s s o c i a t i o n are only s l i g h t l y greater than u n i t y and the 
process: 
[Bu*^(py)ZnOBu*^]2 (Bu^^ZnOBu*^)2 + 2py 
takes place i n benzene s o l u t i o n . Pyridine has been i d e n t i f i e d i n the 
solvent evaporated from s o l u t i o n . 
The deep yellow p y r i d i n e adduct of d i - t - b u t y l z i n c i s extensively 
d i s s o c i a t e d i n benzene s o l u t i o n ( c r y o s c o p i c a l l y ) . 
The pr e p a r a t i o n of zinc d i - t - b u t o x i d e from diphenylzinc and t -
85 
butanol gave a p r o d i c t whose analysis was not very good. The 
p r e p a r a t i o n from d i e t h y l z i n c and t-butanol i s a more s a t i s f a c t o r y 
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pre p a r a t i o n . The product i s i n s o l u b l e and i s believed to be polymeric 
( 6 , 9 ) : 
Bu^ Bu^ f 
Zn ^Zn ^ n _ ^Zn 
X ^0/ V / 'X^  I' 
(6,9) 
The p o s s i b i l i t y of a polymer containing cross l i n k e d u n i t s of 
( 6 , 9 ) , w i t h zinc p o s s i b l y s i x co-ordinate and oxygen four co-ordinate 
must be considered. The b e r y l l i i m analogue of (6,9) i s t r i m e r i c i n 
20 
benzene s o l u t i o n , a r e s u l t of the small size of the b e r y l l i u m atom 
being unable t o accommodate the s t e r i c requirements of the t-butoxy 
groups vrtiereas the l a r g e r zinc atom can and i s therefore polymeric. 
::.:;c:7 
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P.m.r. spectra of b e r y l l i u m d i a l k y l s 
The p.m.r. spectra of a number of b e r y l l i u m d i a l k y l s have been 
i n v e s t i g a t e d i n order t o attempt t o d i s t i n g u i s h between b r i d g i n g and 
te r m i n a l a l k y l groups. Some of the spectra have turned out to be very 
complex and f u r t h e r work i s necessary. 
The p.m.r. spectrum of d i - n - p r o p y l b e r y l l i u m (TMS used as standard 
i n a l l cases) a t 33*5° consists of a doublet of unequal i n t e n s i t y at 
1^8*82 and 8*92 and a broad unresolved peak centred on '^9*4. A 
s i m i l a r spectrum i s obtained when d i - i s o p r o p y l b e r y l l i i m i s studied as a 
40% s o l u t i o n i n perdeuterotoluene. The spectrum of t h i s sample has 
been examined over the temperature range -60 to -+-80°, spectra obtained 
below -45° are considered u n r e l i a b l e due to the high v i s c o s i t y of the 
s o l u t i o n . At temperatures of 60° and above the septet due to (CH^)2CH-
i s r e s o l v e d , but there i s no change i n the p o s i t i o n s of the observed 
resonances, though the resonances due to (,CS.^)2C^- are sharper. On 
lowering the temperature to 20° considerable broadening occurs and at 
-10° very l i t t l e d e t a i l i s present. By -30° more d e t a i l i s present and 
a t l e a s t f i v e peaks are observed i n the p o s i t i o n of the (CH2)2CH-
resonance. The spectrum i s very s i m i l a r a t -45° and the p o s i t i o n s of 
the f i v e peaks avet8'77, 8*90, 9*00, 9'lO,.9•19...Some of the observed 
spectra are shown i n the diagram (6,10). 
The p.m.r. spectrum of d i - i s o b u t y l b e r y l l i u m has been described 
e a r l i e r both as a pure l i q u i d and as a s o l u t i o n i n benzene. There i s a 
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solvent e f f e c t . The spectrum has been i n v e s t i g a t e d over the temperature 
range +100° t o -80° as a s o l u t i o n i n perdeuterotoluene. Broadening of 
a l l the peaks was observed as the temperature was lowered but no f u r t h e r 
e f f e c t s were observed as the temperature was lowered s t i l l f u r t h e r . 
D i e t h y l b e r y l l i u m has been studied as a s o l u t i o n i n both perdeutero-
toluene and perdeuteromethylcyclohexane (both concentrations 40% by 
w e i g h t ) . There are s i g n i f i c a n t d i f f e r e n c e s i n the spectra i n these two 
solvents and i n t h e i r v a r i a t i o n w i t h temperature. I n both solvents the 
spectra show second order e f f e c t s as has been observed f o r t r i e t h y l -
aluminium i n cyclopentane. On lowering the temperature the methylene 
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resonance broadened and f i n a l l y s p l i t i n t o two quartets corresponding 
to t e r m i n a l and b r i d g i n g e t h y l groups. The resonance due to the 
b r i d g i n g methylene group coincided w i t h t h a t of the CH^  groups.^^"^ 
205 
S i m i l a r r e s u l t s were reported elsewhere. The p.m.r. spectra of 
d i e t h y l b e r y l l i u m i n both toluene and methylcyclohexane are temperature 
i n v a r i a n t above 40°: 
dg-toluene d^^-methylcyclohexane 
t J c/sec. J c/sec. 
CH2CH2Be 8*94 8 8*45 7 
CH2CH2Be 9*74 8 9*43 7 
3 
The resonances being a t much higher f i e l d i n toluene. F e t t e r , has 
quoted values of 8*44 and '^9*10 f o r the methyl and methylene protons 
respectively,, but no data were given concerning the temperature or 
sol v e n t , i f any. 
As the temperature i s lowered the methylene resonance ( o f d i e t h y l -
b e r y l l i u m i n perdeuteromethylcyclohexane) broadens and at -10° no 
d e t a i l i s present. As the temperature i s lowered s t i l l f u r t h e r some 
d e t a i l re-appears i n the methylene resonance. Some of the observed 
spectra are shown i n (6,11). The spectrum of the sample i n toluene 
behaves q u i t e d i f f e r e n t l y , a t 0° considerable broadening has occurred 
and by -20° the methyl t r i p l e t has collapsed t o a very broad peak.-. As 
the temperature i s lowered s t i l l f u r t h e r t h i s peak s p l i t s i n t o two 
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Et.Be 
ESP*'" V» ' 
6,n 
t r i p l e t s centred on f 8*71 and 9*13 with areas i n the r a t i o 1:2 
respectively at -60°. By t h i s temperature the methylene resonance is 
showing extra d e t a i l and at least f i v e peaks are present. A selection 
of the observed spectra are shown i n (6,12). Spectra could not be 
recorded below -60° due to the high viscosity of the solution. 
The p.m.r. spectrum of di-n-butylberyllium has been reported i n a 
communication as "having a normal n-propyl pattern plus a multiplet 
27 
containing at least eight lines". The p.m.r. spectra of both di-n-
b u t y l - and di-n-propyl-beryllium have been recorded. There are 
considerable differences i n the spectra as can be seen from the 
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diagrams (6,13). The spectra are considerably more complex than a 
"normal" n-propyl pattern as found, for example, i n 1-nitropropane 
and 1-bromopropane. The n-propyl pattern, i n such molecules, 
consists of two t r i p l e t s and a sextet. 
Recent work has shown that dicyclopentadienylberyllium interacts 
with aromatic solvents to such an extent that paramagnetism i s induced 
i n the system. This caused large s h i f t s i n the aromatic resonance 
signals i n the p.m.r. spectra and was d i r e c t l y observed by electron spin 
resonance (e.s.r.) spectroscopy. A complex of the form: 
Me (. cPv^ ,cp 
• 
cp'' cp 
3 i s postulated. A bonding scheme i s proposed i n which two beryllium sp 
hybrid o r b i t a l s are directed towards the complexed solvent molecule. 
Symmetry considerations permit a bond with the vacant Y,^ orbitals on the 
aromatic molecule into which electrons can be excited to form a bond.^^^ 
The p o s s i b i l i t y of t h i s form of interaction must be considered i n 
the cases of the beryllium dialkyls and more work must be done i n 
aromatic hydrocarbons i n order to observe any s h i f t s i n the aromatic 
resonances. The recording of spectra at lOO MHz. and e.s.r. spectra of 
these would be of considerable value. 
J- -2 
— O) 
— QO 
$5 
(O 
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Hydride Chemistry 
Beryllium hydride reacts with N,N-,N'-trimethylethylenediaraine 
135 
eliminating hydrogen and forming, (HBeNMeC2H^NMe2)2• Pyrolysis of 
BuSeNMeC2H^NMe2 was expected to lead to the same product as pyrolysis 
i 26 of (Pr BeNMe2)2 resulted i n the formation of (Me2NBeH)^. However, 
isobutene evolution from Bu*'BeNMeC2H^ NMe2 did not take place below 
200° and at thi s temperature the substance underwent general 
decomposition, ethylene being evolved and an orange residue remaining, 
Coates and Glockling reported the formation of isopropylberyllium 
26 
hydride by the pyrolysis of di-isopropylberyllixmi. The glassy 
product was considered to be poljnneric. The other routes to a l k y l -
(and aryl-.)beryllium hydrides have been discussed i n some det a i l 
e a r l i e r . A l l these methods result i n a product that i s not a pure 
alkylberyllium hydride, e.g., donor solvents are necessary i n the 
early stages of some reactions and cannot be completely removed. 
Alkylberyllium hydrides prepared by such methods have been used to 
prepare co-ordination compounds and to study the reaction of -BeH with 
olefins i n the presence of a trace of ether, (RBeH:0Et2'^ 6*1). 
Solvent-free alkylberyllium hydrides are of considerable interest 
s t r u c t u r a l l y and the pyrolysis reaction was studied with the aim of 
obtaining spectral and molecular weight data on the products. As the 26 pyrolysis of di-isopropylberyllivim results i n the formation of a glass, 
the pyrolysis of di-t-butylberyllium was carried out. Ether free d i - t -
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butylberyllium i s readily prepared^'''^ and spectral characterisation i s 
r e l a t i v e l y simple. 
Considerable e f f o r t has been directed towards the preparation of 
berylliimi hydride by the complete pyrolysis of di-t-butylberyllium and 
34 115 119 
i t s etherate, ' ' but there have been no reports of the 
preparation of a half-hydride. 
The conditions required for the pyrolysis have been described i n 
the Experimental section. Pyrolysis at 105-110° was rapid and yet 
there was no evidence for the evolution of more than one mol. of iso-
butene from di-t-butylberyllium. The product, a viscous l i q u i d , was 
soluble i n aromatic hydrocarbons and a p.m.r. spectrum of a sample i n 
benzene was recorded. This showed quite conclusively that some 
isomerisation had taken place to isobutylberyllium hydride. Chlorination 
showed that isomerisation was not complete, a mixture of isobutyl- and 
t-b u t y l chlorides having been produced. The resonance due to t-b u t y l -
beryllium was not observed i n the p.m.r. spectrimi at 33*5° but on 
rais i n g the temperature i t appeared as a shoulder on the high f i e l d 
side of the iCE^)^CRClil2 resonance and was quite d i s t i n c t at 100°. 
The isomerisation to isobutylberyllium i s explainable by the 
addition of isobutene to beryllium hydride species. This can occur i n 
two ways: 
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( i ) + H2C=CMe2 ^^Bu^BeCH^-CHMe^ 
Bu^BeH 
( i i ) + Me„C=CH„ ^ t„ 
2 2 ^^Bu BeCMe2-CH2 
Reaction ( i ) i s favoured both on steric and polar grounds. The 
products can then be re-pyrolysed. 
I f the isobutene can be removed from the reaction s i t e as soon as 
i t i s formed then the proportion of t-butylberyllium hydride should 
increase. This was carried out, sweeping isobutene away with a 
current of nitrogen, the product was s t i l l ~ 70% isobutylberyllium 
hydride. I t seems l i k e l y that the product previously characterised 
26 
as isopropylberyllium hydride i s , i n fact , a mixture of n-propyl-
and isopropyl-beryllium hydrides. On hydrolysis both form propane 
and therefore cannot be distinguished this way. Hydrolysis of both 
t - b u t y l - and isobutyl-beryllium results i n the formation of isobutane. 
As the products from the pyrolyses of di-t-butylberyllium were 
always mixtures, the pyrolysis of di-isobutylberyllium was next 
carried out. Both d i - t - b u t y l - and di-isobutyl-beryllitm are r e l a t i v e l y 
easily pyrolysed. For example, when ether-free di-isobutylberyllium 
i s prepared (24 hrs. r e f l u x at 50°) a residue remains when the di-iso-
butylberyllium i s d i s t i l l e d and t h i s accounts for a substantial 
proportion of the i n i t i a l beryllium present (up to 25% i n some instances). 
I n contrast, di-isopropylberyllium requires heating to 200° i n order to 
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26 form the h a l f hydride. This residue i s substantially isobutyl-
beryllium hydride, possibly contaminated with some ethoxy- and butoxy-
beryllium derivatives. This residue was used to prepare some co-
ordination complexes of isobutylberyllium hydride. 
The conditions used to prepare isobutylberyllium hydride have 
been discussed i n d e t a i l e a r l i e r . The p.m.r. spectrum of isobutyl-
beryllivmi hydride does not show the resonance due to hydrogen d i r e c t l y 
attached to nitrogen. This i s not unusual, i t has only been detected 
i n three cases so far (see Table 13). The quadrupole moment of 
14 
beryllium i s of the same order as that of N and the resonance would 
be very broad. The beryllium-hydride resonance was not detected i n any 
compound prepared i n t h i s work. 
Infrared spectral studies and molecular weight measurements i n 
benzene have been carried out i n order to t r y and elucidate the 
structure of isobutylberyllium hydride. The s o l u b i l i t y of isobutyl-
beryllium hydride i s somewhat anomalous and i t takes some time for i t 
to dissolve i n benzene. Some samples have dissolved i n aliphatic 
hydrocarbons to a certain extent, e.g. an infrared spectrum has been 
recorded i n cyclohexane solution, but s t i r r i n g with pentane was found 
to be a suitable way of removing any excess di-isobutylberyllivmi from 
the reaction vessel, without s i g n i f i c a n t l y reducing the y i e l d of the 
hydride. Isobutylberyllium hydride was transferred as a solution i n 
benzene and used as such when possible. Cryoscopic molecular weight 
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measurements indicate that the hydride i s oligomeric, but that d i f f e r e n t 
molecular weight were observed for dif f e r e n t preparations. I n view of 
the small depressions of freezing point obtained, these values for the 
degree of association must be regarded as orders of magnitude ( i . e . 
about 10-30). 
Infrared spectra of several samples (recorded as Nujol mulls) were 
id e n t i c a l (2000-400 cm ^ ) and the infrared spectrum of a solution i n 
cyclohexane i s the same as that of the mull (1250-400 cm ''•). The 
spectra do d i f f e r i n the region 1250-2000 cm ^ . I t i s probable that 
smaller units of isobutylberyllitmi hydride are present i n cyclohexane 
solution and this would affect the l i g h t atom vibrations more than the 
skeletal modes i n which f a i r l y similar units would be present. The 
no 
infrared spectra both indicate that BeH2Be bridges are present. The 
high frequency absorption i n the spectrum of the Nujol mull (centre 
1820 cm"''') may be due to BeHBe vibrations but the p o s s i b i l i t y of i t 
being due to a terminal Be-H bond may be considered. I t s breadth 
could well be due to mulling d i f f i c u l t i e s . A structure of the type 
(6,14) must be considered. 
CHMe2 
Me„CH. CH„ ^ H 
Be;" --Be' B^e'/ ~ Be' "Be 
/ --H-- \ •-•CH--\ - X 
CHMe2 
(6,14) 
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Al t e r n a t i v e l y , a structure based on (6,14) with j u s t terminal iso-
butyl-groups and therefore containing three co-ordinate beryllium at 
the chain ends i s possible. 
Similar structures to the above, with the ends joined, forming 
rings are also possible. 
Structures containing the Be'H'Be bridge may occur, as in (6,15): 
• Be • H • Be • H • Be • H 
CH2 
CHMe. CHMe. 
I ' 
CHMe. 
Be 
CH 2 
I 
GHMe, 
(6,15) 
Structures containing combinations of (6,14) and (6,15) are also equally 
probable. 
Co-ordination compounds of isobutylberyllium hydride. 
MethylberyIlium hydride forms insoluble, presumably polymeric, 
products with bidentate ligands. N,N,N',N'-tetramethylethylenediamine 
(TMED), forms a complex with isobutylberyllium hydride, (Bu^BeH)2TMED 
which i s monomeric i n benzene. I t sublimes readily i n vacuo i n contrast 
with l i t s methyl analogue. The infrared spectrum shows the presence of 
the BeH2Be bridge. Absorptions due to the BeH2Be bridge have been 
characterised,'''^^ and t h i s complex shows the expected strong absorption 
-171-
at 1333 cm"'''. On the basis of i t s molecular weight and i t s infrared 
spectriam i t i s assigned the structure (6,16). 
CH2 CHp 
/ \ 
MeoN NMe^ 
\ / 
Construction of a model shows that the TMED molecule can f i t i n the 
required position with no strain involved i n maintaining the 
conformation. 
A similar structure i s proposed for the complex with N,N,N',N'-
tetraethylethylenediamine. A remarkable change takes place i n moving 
from the methylberyllium- to the isobutylberyllium-hydride derivative. 
There i s obviously scope for further work with other alkylberyllium 
hydrides. 
The addition of monodentate ligands to alkylberyllivmi hydrides 
results i n the formation of dimeric products such as (3,4)^*^'^^^ and 
the tetrahydrofuran complex of isobutylberyllitrai hydride i s formulated 
s i m i l a r l y . 
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Decomposition of di-t-butylberyllium 
The decomposition of di-t-butylberyllium appears to be catalysed 
by impurities. The r a t i o (Bu + H):Be would be expected to be 2:1 
whereas i t i s 0*68:1. This suggests that some insertion of isobutene 
int o Be-C bonds has taken place. However, gas chromatographic analysis 
of both the chlorination and hydrolysis products f a i l e d to reveal the 
presence of higher a l k y l substituents. 
The decomposition of di-t-butylberyllium at room temperature i n a 
p.m.r. tube was then studied. Some of the observed spectra have been 
reproduced (5,8) and the spectra are consistent with the formation of 
di-isobutylberyllium over a period of 40 weeks. The positions of the 
methylene resonance have been tabulated, and after 40 weeks they are 
not quite i n the positions expected for neat di-isobutylberyllium. I n 
contrast the resonance due to (CH2)2CHCH2- remains s t a t i c . The 
environment of the methylene protons must undergo considerable change 
(up f i e l d s h i f t 0*3.p.p.m.) during the isomerisation, considerably more 
than the solvent effect on th i s resonance for di-isobutylberyllium 
( s h i f t 0*12 p.p.m. downfield" i n benzene). 
I t i s interesting to note that resonances due to isobutene were 
observed throughout the time that the reaction was studied. This 
suggests that a possible mechanism for the isomerisation is via the 
hydride as has been discussed e a r l i e r . 
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Preparation of H^ Be2TMED 
Pyrolysis of di-isobutylberyllium etherate resulted i n the formation 
of a hydride r i c h species which was insoluble i n refluxing benzene, 
and was presumed to have a polymeric structure. This was evidently 
depolymerised by the addition of TMED. Analysis of the crude product 
showed that a hydride r i c h species had been obtained and the infrared 
spectrum showed a strong absorption at 1767 cm ''". The product was 
believed to he a mixture of (Bu'''BeH)2TMED and (H^Be2TMED) and as the 
former i s readily soluble i n pentane this was used to separate the 
two components. This proved to be simpler than expected as the 
beryllium hydride derivative would not re-dissolve i n aliphatic or 
aromatic hydrocarbons or i n excess TMED. A structure analogous to that 
proposed for (MeBeH)2TMED (3,5) with terminal Be-H groups i s therefore 
suggested. Smaller units must be present i n i t i a l l y : 
H H \ / 
Be: -Be 
Me2N<^ ^me^ 
C^Hg CH2 
but on obtaining a sol i d t h i s polymerises: 
H H H H 
Be'' ^^ Be^  Be: ;:Be; 
N —CH2 CH2 N ^  N — 
Me2 Me2 
-174-
This compound shows two strong absorptions at 1787 and 1807 cm~^, 
as well as absorptions due to the BeH2Be bridge,, which are assigned to 
terminal Be-H modes, v(BeH) i n phase and out of phase. This, and 
216 
beryllium borohydride are the only compounds known to possess a 
terminal Be-H bond. 
This type of complex has considerable interest and i n an attempt 
to prepare a soluble complex, N,N,N',N'-tetraefehylethylenediamine (TEED) 
was used. As separation was going to be a problem the TEED complex of 
isobutylberyllium hydride was f i r s t characterised. This has been 
discussed. Considerable e f f o r t went into the separation of (Bu'^ BeH)2TEED 
and H^ Be2TEED but was not successful. This i s encouraging as 
H^ Be2TEED i s soluble i n hydrocarbon solvents. I n order to resolve the 
separation d i f f i c u l t y work on the reaction of TEED with beryllium 
hydride prepared by pre c i p i t a t i o n using di-isobutylberylliimi and lithium 
aluminium hydride i n ether i s i n progress. So far no beryllium hydride 
has dissolved i n TEED. 
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Reactions with olefins 
The reaction of isobutylberyllium hydride with pent-l-ene (1:1 
molar r a t i o ) had a h a l f - l i f e of 10-15 mins. at 33*5°. This contrasts 
with a value of 4*85 hr. for the reaction of ethylberyllium hydride 
(and some ether) with pent-l-ene under the same experimental conditions. 
No reaction was detected between 2-methylbut-2-ene and ethylberyllium 
hydride (and some ether) was detected at 84°.^^ At the same temperature 
and under the same conditions (1:1 molar r a t i o , benzene solution) no 
reaction was observed between isobutylberyllium hydride and the same 
o l e f i n . However, at 110° a slow reaction did take place ( t ^ ^ ^ 50 hours). 
2 
Ziegler and co-workers have studied the reactions of diethylalvraiinium 
213 
hydride with olefins i n the absence of ether. I t has been stated 
that ether has no si g n i f i c a n t effect on the reaction, and that this i s 
not surprising as dialkylalimiinium hydrides retain their trimeric 
214 
structure i n diethyl ether. Similarly ether i s reported to have no 
si g n i f i c a n t effect on the rate of hydroboration of a-olefins by a 
212 
t e t r a n-alkyldiborane. However, the triethylamine complex of tetra 
n-propyl-diborane reacts much more slowly with olefins than does tetra 
n-propyl-diborane i t s e l f . The equilibrium: 
^"4^2^2 ^^*^3^ ^ 2?r^^BE4 NEt^ (A) 
l i e s largely to the r i g h t at room temperature. Tetrahydrofuran (THF) 
incompletely breaks the BH2B bridge and ether not at a l l . I t i s claimed 
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that THF takes part as follows: 
R2BH2BR2 + THF R2Br:; ; : : B R 2 ^ = ? R2BH(THF) + R2BH 
H'' 
and i f o l e f i n i s present t h i s reacts with R2BH. Hydroboration i n the 
absence of donor solvents must take a diff e r e n t course, the equilibrium: 
\h^2 ^^2^^ 
being set up spontaneously. 
Terminal BH bonds are therefore presimed to be the active species 
i n hydroboration reactions. The retarding effect of a t e r t i a r y amine 
must depend on the equilibrium (A) lying well to the r i g h t whereas i n 
ethereal solvents some uncomplexed BH must exist i n close proximity to 
o l e f i n molecules. 
The presence of a t e r t i a r y amine affects the reactions of acetylenes 
215 
with a dialkylaluminiim hydride, v i z . . 
R2AIH + R'C^H > R'CH=CHA1R2 + R'C = CAlR2 
R2AIH + R'C=CH 
R"^ N 
R' C = CAIR2. NR"^  only 
No information i s available on the reactions of dialkylaliminium 
hydrides with olefins i n the presence of t e r t i a r y amines. The crux of 
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the problem i s whether or not the dialkylaluminiim hydride retains i t s 
trimeric structure i n the presence of the t e r t i a r y amine. 
The rates of reactions of t e r t i a r y amine complexes of organo-
beryllium hydrides with olefins are then of some considerable importance 
124 
as the BeH2Be bridge remains intact i n the presence of t e r t i a r y amines. 
Trimethylamine ethylberyllium hydride reacts with ethylene quantitatively 
vdien heated to 84° for 8 hr. with excess e t h y l e n e . N o data i s 
available concerning the rates of such reactions. 
The increase i n r e a c t i v i t y of isobutylberyllium hydride [over that 
of ethylberylliimi hydride (and some ether)] with pent-l-ene i s 
si g n i f i c a n t . The nature of the BeH bonding i s the most l i k e l y factor 
causing t h i s increase i n rate, suggesting that some form of berylliinn 
hydrogen bonding other than the BeH2Be bridge i s present i n isobutyl-
beryllium hydride. The other possible types of beryllium hydrogen 
bonding have been discussed e a r l i e r . 
Further work on reactions of isobutylberyllium hydride, and ether 
and amine complexes of i t , with olefins are i n progress. 
TABLES 
I n the f o l l o w i n g tables degrees of association r e f e r to cryo-
scopic measurements i n benzene s o l u t i o n except where stated otherwise. 
Concentrations are expressed as wt.X s o l u t i o n s , i . e . weight of compound 
per 100 g. of solvent. 
TABLE 1 
Aminoberyllium a l k y l s : R„Be + R' NH > (RBeNR' ) 2'n 
Compound State ( a t 25") n Concentration Ref 
MeBeNMe2 glass 3 0'37, 0*75 59 
EtBeNMe2 l i q u i d 3 0*37, 0'75 19 
Pr'''BeNMe2 l i q u i d 3 0*76, 1*07 19 
PhBeNMe2 s o l i d 3 0*74, 1-49 38 
MeBeNEt2 l i q u i d .- 3 0*51, 1'02 19 
EtBeNEt2 l i q u i d 2 0*49, 0*98 19 
MeBeNPh2 s o l i d 2 1*37, 2-06, 4'12 19 
EtBeNPh2 s o l i d 2 0-76, 1*53 19 
MeBeNPr'^2 l i q u i d 2 0*97, 1*08 19 
*-
MeBeN(Ph)CH2Ph l i q u i d 2 0*99, 1-48 60 
PhBeNPh2 s o l i d 2 0'85, 1-69 38 
prepared from m e t h y l b e r y l l i u m hydride and benzylideneanil. 
TABLE 2 
Py r i d i n e and 2 , 2 ' - b i p y r i d y l adducts of aminoberylliim a l k y l s . 19 
Compound 
Me(py)BeNMe2 
Me(py)2BeNMe2 
Me(py)BeNPh-
Me(py)2BeNPh2 
Et(py)2BeNPh2 
Me(bipy)BeNPh2 
Et(bipy)BeNPh, 
Colour 
colourless 
cream 
yellow 
deep yellow 
golden yellow 
b r i c k red 
b r i c k red 
Degree,^ Concentration 
Association 
0*30, 0*61 
0-71, 0-76 
0'58 
0'52, 1'04 
0*35, 0*69 
TABLE 3 
Organoberyllium alkoxides, (RBeOR' ) 
n 
Compound m. p. n Cone ent r a t ion Ref 
MeBeOMe 24° 4 0* 49, 0* 99 20 
MeBeOEt 29° 4 0-31, 0-47, 0*94 20 
MeBeOPr'^ 39° 4 0' 64, 1- 28 20 
MeBeOPr'"' 135° 4 0-30, 0' 60 20 
MeBeOBu*" 93° 4 0* 43, 0* 86 20 
MeBeOCH2Ph l i q u i d 4 0* 78, 1* 28 60 
MeBeOCHPh2 97-108° 2 0* 87, 1' 73 20 
MeBeOCPh^ 183° 2 0' 54, 1-08 20 
EtBeOCEt^ <10° 3 0* 45, 0" 90 20 
Pr'''BeOMe 134° 4 0* 49, 0* 97 20 
Bu*'BeOMe 199° 4 0-35, 0* 70 20 
BuSeOBu*" 108° dec. 2 0-49, 0* 98, 1-36 20 
PhBeOMe 54° 4 0* 93, 1- 85 38 
MeBeOC2H^OMe 103° 4 0* 42, 0* 85 66 
EtBeOC2H^OMe 79° 4 1- 25, 1- 66 66 
MeBeOC2H^NMe2 210° dec. ^ 7 1-33, 1- 57, 2*00 66 
TABLE 4 
Co-ordination complexes of a l k y l b e r y l l i u m alkoxides 
Compound 
MeBeOCHPh2.0Et2 
MeBeOCHPh2•THF 
MeBeOCPh2.0Et2 
PhBeOMe.OEt^ 
MeBeOPh.OEt, 
Me(MeO)Be.py2 
Me(Bu^O)Be.py 
Degree of 
Association 
1 
1 
1 
1 
1*21, 1*41 
1 
1'23. 1*41 
Concentration 
0'38, 0'86 
0*40, 0-57 
1-15, 1-50 
1*27 
0*59, 1*19 
0-61, 1-21 
0'35, 0*70 
Ref. 
60 
60 
20 
20 
20 
20 
20 
TABLE 5 
Compound 
Be(0CgH^X)2 
Be r y l l i u m alkoxides, [Be(OR) ] 
(X = H,0H,Cl,Me,N02) 
Be(0Bu^)2 
Be(0Me)2 
Be(0CEt^)2 
Be(OC2H^OMe)2 
Be(OC2H^NMe2)2 
polymeric 
poljnneric 
2 
polymeric 
8-11 
2^n 
Concentration 
0'53, 1-06 
0*36, 0-72 
0-99, 1*32, 1-97 
Ref. 
67 
20 
20 
20 
68 
68 
TABLE 6 
A l k y l t h i o b e r y l l i i m i a l k y l s and some complexes 69 
Compound Colour Degree of Association Concn. 
MeBeSBu*" 4 0-37, 0-74 
MeBeSPh 2 0*43, 0'86 
EtBeSEt 4 0*94, 1-42 
EtBeSPr''" 4 0-86, 1*30 
EtBeSBu*" 4 0*43, 0'86 
(EtS)2Be polymeric 
(Bu*^S)2Be polymeric 
Pr^BeSEt.0Et2 2 0-88, 1-76 
Pr'''BeSPr'''.py2 1 0'97, 1-93 
EtBeSBu^.THF 1 0*67, I'OO 
EtBeSBu^'.py white 2 0-65, 1-30 
EtBeSBu*^.py2 lemon 1 0-64, 1-28 
EtBeSBu^.bipy orange-red 
Pr^BeSEt.py yellow 2 0*86, 1-72 
(Bu*^S)2Be.py cream 0*59, 0*64 0'24, 0*42 
(Bu'^S)2Be.bipy ochre 
TABLE 7 
Compound 
2^n Aminozinc a l k y l s , (RZnNR',) 
State ^ 
( a t 25°) 
concn. Ref. 
MeZnNPh, 
EtZnNPh, 
Pr ZnNPh. 
Bu ZnNPh„ 
PhZnNPh. 
EtZnNEt, 
MeZn(NMe)G2H^NMe2 
MeZnNPh2•py2 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
l i q u i d 
s o l i d 
s o l i d 
2 
2 
2 
2 
2 
2 
0- 74, 1-48 
1- 5, 1-79 
73 
73 
74 
74 
74 
74 
2 1*26. 1-58, 1-66 73 
1'22. 2-43 73 
TABLE 8 
Alkoxyzinc a l k y l s , (RZnOR') 
Compound 
MeZnOMe 
MeZnOBu*" 
EtZnOBu*^ 
EtZnOPr''" 
MeZnOPh 
EtZnOCHPh2 
PhZnOCPh, 
MeZnOC2H^NMe2 
EtZnOC2H^NMe2 
MeZnOC2H^OCH2 
State 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
l i q u i d 
4 
4 
4 
4 
4 
3 
2 
3 
3 
4 
Concn. 
1-12, 1-69 
1-71, 2-43 
1-43, 2-86 
1-51, 2-26 
1- 77, 3-05 
2- 15, 3-08 
2-98, 4'18 
1-14, 1-60 
1«98, 2*24 
1-83, 2-29 
Ref. 
73 
73 
73 
79 
73 
82 
82 
82 
82 
82 
TABLE 9 
Aminomagnesium a l k y l s , (RMgNR'2)^- 22 
Compound 
(EtMgNEt2)2THF 
(EtMgNPr^2)2™^ 
EtMgNPh2 
EtMgNPh2(THF)2 
PrSlgNPh2(0Et2)2 
Pr^MgNPh2 
PrSlgNPr^2 
State 
viscous l i q u i d 
viscous l i q u i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
s o l i d 
2,2,6,6, t e t r a m e t h y l - ^^^.^ 
piperidino(ethyl)magnesium 
EtMgN(Ph)PhCHEt s o l i d 
EtMgN:CPhEt s o l i d 
1-09, 1-33 
1-11, 1-24 
polymeric 
1 
polymeric 
2 
2 
13, 21 
Concn. 
l!56, 1-71 
1-50, 2-00 
1-60, 1-83 
1-02, 1-43 
0- 98, 1-30 
1- 53, 2-17 
1-1, 4-3 
TABLE 10 
Alkoxymagnesium a l k y l s , (RMgOR') 
Compound 
t MeMgOBu 
EtMgOEt 
EtMgOPr'^ 
EtMgOPr^ 
EtMgOBu*^ 
Pr^MgOMe 
Pr^MgOEt 
Pr^MgOPr^ 
EtMgOCEt^ 
EtMgOCEt^.THF 
Bu^MgOPr^ 
EtMgOCMeEt2 
MeMgOC2H^NMe2 
n 
7,7-2 
4 
4 
7*0, 7*4 
8-5 
7-5, 8-1 
4 
in s o l u b l e 
2 
3 
Concn. 
2-80, 3-30 
1*73, 2-05 
1*84, 2-25 
1-25, 1-40 
4*06 
1- 31, 1-70 
2- 0, 3-1 
1-0, 1-5 
0*97 
3,4' 
Ref. 
47 
88, 92, 47' 
47 
47 
47 
47 
47 
47 
47 
47 
90, 91 
47 
n determined e b u l l i o s c o p i c a l l y i n d i e t h y l e t h e r , concns. 0'008-0'OSM 
(c a l c . as monomer). 
TABLE 11 
Thiomagnesium a l k y l s 93 
Compound 
MeMgSBu .THF 
EtMgSBu .THF 
Bu'^MgSPr^.0Et2 
EtMgSBu" 
MeMgSC2H^NMe2 
Bu%IgSC2H^NMe2 
Mg(SBu^)2 
Degree of Association 
2 
2 
4 
4 
2 
pol3mieric 
Concn. 
0-85, 1-13 
1-69 
0-68, 1-36 
0-73, 1-12 
1*67 
0- 17, 0-25 
1- 12, 1-84 
2- 40, 2-59 
TABLE 12 
Alkylcadmium alkoxides and al k y l s u l p h i d e s 
Compound Degree of Association Concn. 
MeCdOMe 4 
MeCdOEt 4*3 1*67, 1*95 
2-33 
MeCdOPr^ 4 1*27, 1'57 
1-83 
MeCdOBu ^ 2 0.74, 1*08 
1-74. 1-95 
MeCdOPh 3*6-4 1-66, 1*93 
2-31 
Me(py)CdOPh 1'40-1'52 2*15, 4*13 
MeCdSMe polymeric 
MeCdSPr"- 6 3-75, 4*33 
5*11, 6'24 
MeCdSBu*^  4 2'23, 2-63 
2'92 
MeCdSPh polymeric 
i n s o l u b l e i n benzene, but isomorphous by X-ray d i f f r a c t i o n 
w i t h methylzinc methoxide. 
TABLE 13 
Complexes of organoberyllium hydrides, (RBeH.L)2 
124 
a a d d i t i o n of l i g a n d t o "R^Be^H2" 
129 
b RBeCl and NaBEt^H. 
c R2Be + BeBr2 + 2LiH.^° 
129 
d R2Be + Et^SnH. 
not observed i n spectrim. 
l i n e width 
R L State a t Prep. (BeH„Be) at h a l f -
25! Method i. height 
Me 0Et2 l i q u i d c 8-42 6 c/sec. 
NMe^ s o l i d a,d -
py s o l i d c 6'72 36 c/sec. 
Et NMe^ s o l i d a,b 8-41 6 c/sec. 
Ph NMe^ s o l i d b -
PMe. s o l i d b _ 3 
TABLE 14 
A d d i t i o n of e t h y l b e r y l l i i m i hydrides to o l e f i n s ^ 
Time f o r 
O l e f i n Temp. H a l f - l i f e ( h r . ) completion 
of r e a c t i o n (kr.) 
dec-l-ene 84° - <rO-17 
pent-l-ene 50° 0*4 4-2 
pent-2-ene'^ 50° 90 - ^ 
pent-l-ene 3 3 - 5 ° 4-85 45-50 
pent-l-ene^ 33*5° 1*4 15-20 
b 
a i n the.presence of ether and benzene 
b bromination gave 957o 1-bromopentane and 5% 2-bromopentane. 
c 95% c i s isomer. 
d a f t e r 250 hr. at 84° bromination gave 82% of 1-bromopentane, 
12% of 2-bromopentane, and 6% of 3-bromopentane, 
e BeH:olefin =2:1, the others being 1:1 
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TABLE 16 
The v i b r a t i o n a l spectrum of dimethyl b e r y l l i u m 
I n f r a r e d Raman Assignment 
165 
2912 cm" 
2885 
1255 
1243 
2912 cm -1 V (CH_) s 3 
6 (CH3) 
835 
923 
P (CH^) 
567 
535 
V (Be2C) 
403 B (Be2C) 
TABLE 17 
14 16 14 V i b r a t i o n a l assignments f o r Me2Zn, Me2Cd, Me2Hg. 
Assignment Me2Zn Me2Cd Me2Hg 
IR R IR R IR R 
v(C-H) 2898 2904 2910 
CH^ bend "2 1158 1129 1182 
v(C-M-C) ^3 504 465 515 
Torsion 
v(C-H) 2870 2920 2880 
SCCH^) "6 1185 1140 1205 
v(C-M-C) 615 538 550 
v(C-H) "8 2940 2895 2876 2966 
BCCH^) ^ 1444 1441 1448 1475 
p(C-M-C) ^ 0 705 787 
(C-M-C> bend ^ 1 144 150 156 
v(C-H) ^12 2833 2963 2869 
SCCH^) ^ 3 1388 1384 1443 
pCCH^) ^ 4 620 642 700 
TABLE 18 
a - cyclohexane s o l u t i o n 
b - Nujol m u l l 
, 124,170 I n f r a r e d absorptions due t o the BeH2Be bridge. 
Compound v(BeH2Be) v(BeD2Be) 
(MeBeH.NMe2)2^ 1344 cm"''' 1016 cm"''' 1*32 
(EtBeH.NMe2)2^ 1333 
(MeBeH.NMe2CH2 ) ^ 1331 
1325, 1165 920,870 1-44, 1-33 
Na2[(CD^)4Be2H2]^ 1333, 1164 
Na2[Et^Be2H2]^ 1294, 1065 951,835 1*36, 1-28 
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TABLE 19 (contd.) 
( b ) Observed i n f r a r e d spectrum of Be[C(C])^) ^] ^  
1.x. (Gas-phase) 
-1 
cm 
2908 
2894 
2880 
2225 
2213 
2202 
2176 
2102 
2057 
2025 
1398 
1319 
1253 
1219 
1166 
1121 
1083 
1069 
1064 
1018 
866 
806 
680 
490 
459 
450 
m. sh 
vw.br 
w 
vw 
w,sh] 
s,sh } 
s 
m 
m 
w,br 
WjVbr 
s, sh 
vs 
) } 
Assignment 
(CD^)^CH i m p u r i t y 
C-D s t r e t c h i n g 
OC 
OC 
OC 
v„(e ) 11 u 
v.(a„ ) 
o a 2u 
OC 
CD^  antisymm. deform. 
Analogous 
frequency of 
CD, 1^ symm. deform. 
CD^  rock (e^) 
CD^  rock (e^) 
CD^  rock (a2^) 
Impurity? 
v.Ae ) 12 u 
^6(^2u^ 
2830-2940 
1266 
^ 1180 
1480 
1474 
1373 
980 
943 
891 
475 
458 
TABLE 20 
Observed v i b r a t i o n a l spectrum of Zn[C(.CR^) ^] ^  
cm 
Raman 
l i q u i d 
-1 
I . r . l i q u i d 
806 
cm 
2929 sh 
2915 s 
2857 m 
2817 s 
2755 mw 
2725 w 
2699 mw 
2629 w 
2339 w 
1464 s 
1455 sh 
1385 
1362 
1263 mw 
1172 mw 
1096 mw 
1022 
1010 m 
937 w 
813 s 
1 1 : i 
w,br,sh 
^ 794 
~ 552 
w,sh 
w 
Assignment 
C-H s t r e t c h i n g 
OC 
OC 
OC 
OC 
OC 
CH^  antisymm. 
deform 
CH^  symm. 
deform. 
OC 
OC 
CH^ rock (e^) 
CH^  rock (e^) 
CH^ rock (a2^) 
CH- rock (a. ) 3 I g 
OC 
OC 
Analogous 
frequency of 
2916 
2868 
2834 
2762 
2729 
2701 
2618 
1466 
1445 
1387 
1362 
1259 
^ 1200 
970 
935 
863 
810 
contd. 
TABLE 20 (contd.) 
Raman 
l i q u i d 
cm 
505 
212 
I . r . l i q u i d 
cm 
383 mw 
308 s 
241 8 
Assignment 
Analogous 
frequency of 
Be[C(CH3 
545 
475 
449 
354 
212 
Abbreviations: w = weak, m = medium, s = strong, sh = shoulder, br = 
broad, v = very, p = p o l a r i s e d , dp = depolarised, OC = overtone or 
combination band. 
TABLE 21 
A c t i v i t y of s k e l e t a l fundamentals f o r various 
Be[C(CH^ )^]2 models 
Model 
"Staggered " "Eclipsed" Bent 
form form skelton observed 
^3d ^3h ^2v spectrum 
Fundamentals 13* 13* 19* 12 
Raman-active 6 10 19* 7 
Polarised 
Raman l i n e s . 3 3 7 
3 
I . r . - a c t i v e 7 7 16* 5 
R.-I.r. c o i h -
0 4 16* 1? 
cidences 
'These numbers exclude t o r s i o n a l modes. 
TABLE 22 
S k e l e t a l v i b r a t i o n s of M[CMe^]2 ( e f f e c t i v e p o i n t group D^^) 
Symmetry species 
Type of v i b r a t i o n a, a, a» a_ e e 
I g l u 2g 2u g u 
CMe^ s t r e t c h (antisym.) Vg v^ ^^ ^ 
CMe^ s t r e t c h (sym.) v^ ^ 
MC„ s t r e t c h v„ v, 2 z o 
CMe^ deform, (antisym.) v^^ 
CMe^ deform (s5mi.) 
CMe3 rock v^^ v^^ 
MC2 bend v^^ 
(CMe^ t o r s i o n * ) ( v ^ * ) 
A c t i v i t y R, p o l . I . r . R, depol. I . r . 
*Absent f o r f r e e r o t a t i o n of the CMe^  groups. 
TABLE 23 
Fundamental frequencies of K[CC^]^ skeleton of Be[C(CYl^) ^] ^  
Species 
^ I g 
^2u 
e 
g 
e 
u 
and Zn[C(CH3 
Be[C(CH2)3]2 Zn[C(CH2)3]2 
Number (cm"''') (cm"''') 
\ 1201 (U200) 
"2 
545 505 
"3 
212 212 
"5 1180 
1172 
"6 
458 308 
'7 
354 241 
"8 
1169 (~1200) 
^ 367 
(^50) 
^ 0 262 
(~250) 
^ 1 1266 
1263 
\2 
475 383 
(^60) 241 
132 (~100) 
a Frequencies i n parentheses were not d i r e c t l y observed. 
^ Gas-phase i n f r a r e d frequencies are used where a v a i l a b l e . 
TABLE 24 
M-C St r e t c h i n g f o r c e constants f o r the d i a l k y l s of 
Group I I elements 
Force constant 
Vc 
Bond (10^ dynes cm"''') Compound Ref. 
Be-C ~1*2 Be[C(CH^)3]2 122 
Zn-C 2-39 ZniCR^^ 14 
Zn-C ~ 1 - 1 ZniCiCE^)^]^ 122 
Cd-C 2-05 Cd(CH3)2 16 
Hg-C 2-45 Hg(CH3)2 1^ 
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